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Tm it potnible, in the present state of our knoteledife, to Jbretel 
fpfiat Weather it triU be at a given time atttl place f Hare 
we reason, at all events, to expect that this prut/tern witi one 
ifay fte solved? By M. AUAGO, Perpetual Secretary of the 
French Academy of tSoiences, &c. &c. 

En^iged as I am, both frum iiicluialion and duly, in 
ractcurological studies, 1 liuve uftcn asked myself if wc shoulU 
ever be able, by a reference tu uaLiMnoiiiicu! conMiderations, 
to determine, \a year in advance, what ahall be the state, in 
a given place, of the annual temperature, the temperature of 
each month, the quantities of rain compared with the ordi- 
nary mean, the prevailinji; winds, &;c. 

I have already laid before the readers of the Annuaire the 
reflutta of the investigations undertaken by natural philoso- 
phers and astronomers, regarding the influence of the moon 
and of comets on the changes of the weather. These results 
clearly shew, in my opinion, that the inflnences of both these 
bodies are almost insensible, and, therefore, that the predic- 
tion of the weather can never be u brancli of astronomy^ pro- 
periy so called- And yet our satellite and comets have, at 
all periods, been considered as preponderating stars in meteor- 
ology. 

Since the publication of these opinions, I have regarded 
the problem in another aspect. I have considered whether 
the operations of man. and occun*enceH which will always re- 
miun beyond the range of our foresight, might not be of such 
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^iattf o/fJ^ Wtalfu^r cannot be PrttHcted, 

a imture as to modify climateH acctdiji) tally, anil in a voi 
eeimilile manner, in particular with Pc^ai*d to teuipura-lun.'. 
I alremlv perceivi' tliat fiiota will aiisrter iu the affirmative. 
I abould liave wished, however, not to publish thia result til) 
after I had tinisbed my investigations ; but I must frankly 
own, that 1 wished to have an opirortunity of prolesttMii 
tfecideiify affai»nt the predictions which hare even/ year 6te 
attnbuttd /w nic, both In Frame and in other cuitntriett. Neve; 
ba» a word escapt-d my lipf*, either in private or in tlia 
course which I have delivered for upwanlH of thirty years 
never has a line published with my coasent, authurified an 
one to imagine it to be my opinion that it is pot^sible, in the 
present state of our knowledge, to announce, with any degree 
of certainty, what weather it will be a year, a month, a week 
I shall even add, a t<ingle duy, in advance. May the indigna- 
tion I have felt at seeing a multitude of ridiciiton* prediciiong^ 
appear under my name, not constrain me, by the force of 
action, to give an exaggerated degree of importance to the 
disturbing causes 1 have enumerateil ! At pre*ient, I believe 
that I am in a eouditlun U) deduce from my investigations the 
impDi'tuut result which 1 now announcw ; iVhatever tnajf be 
the proffrem of the sciances, NEVKU. n>ill ob^ervern who are truvt- 
iporiiu/^ and care/id of their repututiun, venture to furettl the 
Mtale of the weather * 



" This explicit declaration nu; giye me s right to «xpect that I etmll no 
Longer bfl comp«U«il to plajr ihe part of NoJtndciniHit or Mitliew LA'nsberv; 
but I am ii\T IViiiii iiiilulgrng in uiiy illiuinu on this Biilijri:t. Hundreds cf p«r- 
POtu wbo have ^ouv ttiroiigli n rr^utnr cuuoc uf uiiivi^rsii^ biudiofi, will mA 
Ml, In 184G, IU thi'y hail June on former ooL-a^iuns, to plv uie with mich quM> 
liOQB u tbe foHciwiug, which tt ia truly phlable lo bear in tlio present dnr : 
Will the winter lie severe f Tliiuk jrou that we vhall have a warm sununor, • 
humid autumn Y This ia a very long »ii^ tlvKtructivo draught ; do yoa thiiik 
it U DC«r ail end i People thiak that th4 A[»ril looaa will |iroduL-e ^rvaX. nus.il 
eliief thia aeiwon— wliat Is your ojitnion t &<;. 4c. In epit« f>f the litiln conti- 
d90ee I hove In predictions, 1 alDrni that In this uue the event will ntil doceiva 
me. Nfty, for some ye«« post lia»o I not been put to a still aeverrr proof I 
lUa Dol • work been published, i^tititicd " Lccturtt ow Aitrvnomff, dfUmnd 
(A* Otiei-*'«Ior!' ''y ■". Ara.jo, tvil«t«i ^y vne o/ hi* Pupil* :■>" I hnvo protested 
doacn Un«l against UiL» work j 1 bave shewn that it «wanns with i»concelvab]< 
■rrora; tltat It is beneath all criticism whenevor the author ceases to ciuuli 
his sdJicin on the aoticvs of ths AuntMire, and ia loduvid to Ute neoesalty oi 
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I repeat, that the reaxlers of the Atmuaire ought not to 
expect to find here a complete invpstie;ation of the prohlom 
which 1 have taken up. My sole intention ti* to lay before 
them a few/act^, whioh, taken in ennnecUon with thoHo which 
T shall analvRo in a neeond notiee, appear to me to lead to 
this eonclusioQ. 

Bftwten what limits thti mean temperatures 0/ i/ffirs and m<»itht 
V'xry in our e/irnuttw. 

The meteorological state of a given place, is much less 
variable than those would be led to believe who judge of it 
by their personal sensations, by vagne recollections, or the 
condition of the crops. Thus, at Paris, the mean tempera- 
ture of years ranges within very nari*ow limits. 

The annnjil mean temperature of Paris, from 1806 to 1826 
inclusive, has been + 10^-8 centigrade (54 -4 Fahr.) The 
greatest of 21 annual means does not exceed tlic general mean 
by more than 3°'3 (2''3 F.) ; the hive$t of the mean annual 
temperatures \xi\» been found below the general mean only by 
1^4> (2°'0 K) As far as relates to mean annual temperatures^ 
systematic meteorologists have, therefore, no need of foresight 
to predict only slight perturbations. The causes of distur- 
bance will satisfy all the phenomena, if they can produce, 
more or less. Vh of centigrade variation (2' 7 F.J 

It is not the same with regard to the months. The difFer- 
ences between the general means and the paHial mean« 
extend, in January and December, to 4 and G centigrade 
degrees (7' to 9^ F.) 

4nwlng ft Few line* fnom tii» own i-«M>urc«e. Vain eOorts! These pretended 
Lectartt on Aitronomy at tho Obsi^n-Ktory hitre. hovr«ver, re£ched no leM tbATi 
• fburtb (ilillon. The Iawr have mad« no prorision sgaintit wliut I shall cnll 
thli icimti/c fafwmny. Wbot must be done when the law is tWvnl I ^iibratt with 
mtgimUoD 1 A Miuitiv«Deu which will not appear «m-prUlng to any ivlio h&ve 
Iwn the book in question, will not all<>w me to be Natisrii.id will) nvignHtlon. 
Vjr powtloiD b*i-ing become iotolerable, I have madtt uji my mind lo publish 
■jmlf tb« IjMturefl which have boeu ao (luti-uf^e'niiKly diKJigurc-d. 8iii«< U Lu 
keeQBi* necausry, I flball abandon for w linii< thv plans Tir un^nrd inveetlgiu 
U4«R which 1 bitd l\irro«d. snd dtivot« tbQ time I ivished to employ in iltilicat^ 
nperimenta, tilted to llliutrfttti points of the science etill enveloped in great 
vWtirity. to thD pr«p«riUoti of t. work intended to popularite Kstronooiy. 
lUf ihU worit be in «om« degree useful. 



Li wit* of the SUan TetHpirrafure of Tear*. 



In consequence of these vantitions. if wc compftrc tli 
treme l«niperatui*es of each month with the moan or nomULl 
temperatures of all the rest, wu ahull fiud : — 

That the month of January is sometimes as tompenitc 

the mean of the manth uf March. 
That the uionth uf FeOruaiy sometimeH resembles lh< 

mean second fortnight of April, or the mean lirst fort- 
night of January. 
That the month of March sometimes resembles the meau 

of the month uf April, or the mean of the secoiul fai-t- 

iiight of January. 
That the month of April never reiiches the temperaUire o 

the month of May. 
Thai the month of Mat/ ia pretty frequently, in tlic mean, 

warmer than certain months of June. 
That the month uf June is Humetimes, in tJie mean, warme 

than certain months of July. 
That the month of Jul^ is sometimes, in tiie mean, wormei^ 

than cErrtain months of Augnist. 
That the month uf ylut/uat is sometimes, in the m 

slightly colder than certain months of September. 
That ilie month of Septembtr i.s sometimes, in the mean. 

colder iJmn eertatu months of October. 
That the month ot' October may be, in the mean, nearly 3* 

(5"'-4 V.) colder than certain immths of November. 
That the month of November may be, in the mean, about 

S^'ii (ahout 10" F.) colder than tJic ivai*mest months o 

December. 
That the month of December may be, in the mean, 7 

(12°'6 F.) tM)lder than the month of January. 



\ 



I^'uturhing causes of Terreatrial TffmpcratMrt which cannot b« 
foreseen. 

The atmosphere which, on a given day, rests upon the seayJ 
becomes in a short time, in mean latitudes, the atmosphere 
of continents, chietiy from the prevalence of westerly winds. 
The atmosphere derives its temperature, in a great measure, 
from thai of the solid or liquid bodies which it envelops. 
Every thing, llicrefore> which modifieti the normal tempera-i 
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tare of the sea, produces, sooner or lalcr, pcrturbatioDH in 
tlio temperatiu*c of continental atmoBphercs* Arc those 
causes, which maj' sensiblv moilifv the teinpirature of a con- 
luderablc portion of the ocean, placed for ever beyond thi> 
foresight of man I This problem is t-losoly connected witli 
the meteorological question I have undertaken to consider. 
Let us endeavour fo tin<1 the solution of it. 



No one can doubt that the icefields of the Arctic pole — 
the immense Irozen seas — exert a marked influence on the 
climates of Europe. In order to appreciate in numbers the 
importance of this influence, it would be necessary to iako 
into account at once the extent and position of these field* ; 
but these two elements are ho variable that they cannot be 
brought under any certain rule. 

The eastern coast of Greenland was in former times 
iu:cesdiblc and well peopled. All of a sudden an impene- 
trable barrier of ii:e interposed itself between it and Europe. 
Fur many ages Greenland could not be visited. About the 
year 1815 this ice underwent an extraortlinary breaking uji, 
became suattered in a southerly direction, and left the coast 
free for many degrees of latitude. Who could over predict 
Uiat such a dishtcation of the fields of ice would take place in 
fiuch a year rather than in another \ 



The floating ice which ought to act most on our climates, 
ifitbat known by the English name of icebergs. These moun- 
tiitis of ice come from the t^laritrs, properly so chilled, of 
Spitzbergen or (he shores of Baffin's Bay. They detach them- 
tolvea from the general mass, with a noise like tlmt of thun- 
der, when the waves have undermined their base, and when 
Uie rapid congelation of raiu-water in their fissures produces 
ft sufficient expansion to move these huge masses and pnsh 
them forward. Such causes, and sulIi effects, will always 
rtmntn beyond tlic range of Iiunmn foresiglit. 

Those who remember tlie rucouimendations which ttie 
gnidcs never fail to ^ve upon apjiroaching cei*tain walls of 
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ice, and tlie hu^ masses of snow placed upon the inclined i 
ridges of the .Alps; iliutie wliu have nut forgotten that, accord- 
ing to tho affiiHuatious of these cxpcrioneed men, the report, 
of a piei-ol, or even a mere »hout, may produce frightful rata- 
atrophca, will ajj^ree in the opinion I have just expressed. 



Icebergs often descend without tneltin;;. even to preU/i 
low Ijititndes. They Homctimea cover immenHc Kpacea ; woi 
may tliercfore suppose that they sensibly disturb iJio tcrapera- 
ture of certain zones of the oceanic temperatui*e, and then, 
by means of communication, the temperature of islands and' 
continents. A few instances of this will not bo out of place. 

On the 4th October lfil7, in the Atlantic Ocean. 46° 3(V 
north latitude. Captain Beaufort fell in with icebcrgH advan* 
cing southwards. 

On the U*th January 1818, on the west of firoenftpond, in 
Newfonndlnnd, Captain Daymont met with floating islands.. 
On tlie following day, the vessel was so beset with ice thatj 
no outlet could be seen even fi'om the top-moBts. The ipe,] 
for the most part, ro.^o about 14 Lliiglish feel above the water. 
The vesiiel wan carricil southwaiils in this manner foi 
twenty-nine days. It disengaged itself in W 37' latitude,' 
120 leagues east of Cape Race. During this sitigulur im-i 
prisonment, Captain Daymont noticed upwards of a hnnilred 
icebergs. 

On the 28th March 1818, in 41^ 50- north latitude, 53' 13' 
longitude west of Pari.**, Captain Vivian felt, during the whole 
day, an excessively cold wind blowing from the north, which.] 
led him to suppose that ice was approaching. And, in fact, 
on the following day, he saw a mulfitudc of floating islands, 
which occupied a space of upwanls of fievcn leagues. " Many 
of the»e i.slands.'' says ho, " were from 200 to 250 English 
feci high above the water.'' 

The brig Funchal, from Greenock, met witli _/f«/dir of ice on 
two different occasions, in her passage from St John's, New- 
foundla.nd, to Scotland ; first on the 17th January 1818, at the 
distance vS six leagues from the port she had left ; and after- 
wards, in tho samo month, in latitude 47 30'. The first I 
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field woa apwaivls of three leagues braai], and its limit in a 
nurtheni direction could not be eeen. The Bccond, likewine 
wry «;xt«n8ive, had an immenHe iceberg in its centre. 

Oil the 30th Marcli 1818, a sloop of war. The F{y, passed 
between two large islands of floating ice in 42 degrees of 
north latiinde. 

On 2d April 18 J 8, Lieutenant Parrjr met with icebergs in 
4S' 20' of north latitude. 

This year (1845) the Kn£;lif<h vessel Jiochefori continued 
enclosed, at the end of April and beginning of May. for 
twenty-one conseeotive days, in a mass of 8oatiug ice, which 
Iffi along the bank of Xcwtbondland, advancing to the south. 



The Hea is much lcs» easily heaitvl than the land, and 
that, in a great measure, because the water is diaphanous. 
Even.' thing, therefore, whi(.'h causes this diaphaneity t<> vary 
ronaiderably, will produce sensible changes in the tempera- 
tore of the sea, immediately after in the temperature of the 
oceanic atmosphei-o. «nd, Homewhat later, in the temperature 
of the continental atuio>iphern. Do cauHea exist, indepen- 
ttently of what science discovers to us, which may interfere 
with the transparency of the sea to a great extent t Let 
tlie following be my answer : — 

Mr Scoresby has shewn, that, in northern regions, the 
sea sometimes assumes a very decided olive-green colour ; 
that this tint is riwing to medusie and other minute animal- 
cnlse : and that wherever the green colour pruvaiU tlie water 
possesses very little diaphaneity. 

Mr Scuresby oeca^iunally met with gi-cen bands, which 
were from two to three degrees of latitude (60 to 80 leagues) 
tn lengtli, and from 10 to 15 leagues brotiid. The currents 
convey these bands from (me region to another. We must 
suppose that these do not always exist; for Captain Phipps, 
in the account of his voyage to Spitzbergen, makes no men- 
tion of them. 

As I have ju.st stated, the green and opaque portions of 
the sea must become heated in a manner different from the 
diaphanous parts, lliis is a cause of variation In the tern- 
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peratiirc which can never be Hubjeoted to calculatiun. Wc 
can uever know bclorehand whether, in such and such a 
year, these eouulles» myriads uf auiiuulcukc will be more or 
lesR prolific, and what will be the direction of their migration 
southwards. 



The phoaphoretfcence of tho soa is owing tu minute animals 
of the medufta kind. The phosphorescent regions occupy 
very large spaces — sometiiiuis in one latitude, sometimeH in 
another. Now, as the water of tho phosphorescent spaces 
is quite tnrbid, and a« it« diaphaneity is almost entirely 
dastniycd, it may become, by ibi abnormal heating, a cause 
of notable disturbance in the temperature of the oceanic 
and continental atmospheres. "Who can foresee the intensity 
of this cause of thermic variatiun % who can ever know be- 
forehand the place which it occupies ? 



Let us suppose the atninsphere immobile and perfectly 
clear. l<et us suppose, moreover, that the soil has erery- 
where, in an equal degree, absorbing and emissive properties, 
and the same cajjaeity for heat; we should then observe 
throughout the year, as the effect of solar action, a regular 
and uninterrupted series of increasing temperatures, and a 
corresponding series of decreasing temperatures. Each day 
would have its invariable temperatui*e. Under evrry deter- 
mined ptirallelf the days of the maximum and minimum of 
heat would be respectively the same. 

TUis reguhir and hypothetical oitler is disturheil by the 
mobility of the atmosphere ; by clouds more or less exten 
sivc, and moi*e or less permanent ; and by the diverse pro- 
perties of the ground. Hence the elevations or depressions 
of the uomml lieat uf days, muulhs, and years. As disturb- 
ing causes do not act in the same way in every place, we 
may expect to see the primitive figures differently modiHed ; 
to find comparative inequalities of temperature where, from 
the nature of things, the most perfect equality might have 
been looked for. 

Nothing is better calculated to shew the extent of these 
combined disturbing causes, than the comparison of mean 
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epochs, indicating tUe maxima and minima tompcralurcs in 
diiferent placcH. The following ai*fi surae of these results : — 

Miwimum. Mliiioiutu. 

lUb AngusL 24tli Docember. 



Si GoUiard, \ 

»0 J 



CIO y«ir». 

Romo, \ 

(10yc»r«.) f 

Jcni. 1 

(ISywm..) ; 

■ Pate mil urg, \ 

.(I0ye«i.3 I 

Paris. 1 

(21 y«ar».) J 



fil aod 3 dftyi »ftcE 
the Bolaticf!. 



6Ut AuguKt 
1st August, 
aw July. 
IBlh July. 



mUi jNiitiiiry. 
3*1 •finuiiry. 
Stli Jununry. 
14tli Jaiiunrv. 



46 luid 18 ilajfi Hflcr 

tbc soUlice. 
41 snd 14<I«JB alter 

the Mil<iticD. 
' 31 «nil 18 ilays nfUr 

' :f& ftnd iff dtiys itrter 



These differences belong to tJie localities. But when con- 
c«alerl local rircumstances exert hi} mtich influence, is it not 
natural to think tiiat the modifications which they receive 
from the hand of man may sensibly alter, in tlio interval of 
a few years, the meteorological type of every tuwn in Europe t 



I have shevtfn thai local circumstances which are latent, 
or at least faintly characterized, may exert sensible and con- 
stant influences on the manner in which the maxima and 
minima of temperature are distributed in the year. ^V^^en 
science shall be put in possession of exact and conipai*able 
meteorological observations, made nimultatiefnislf/ in ditFerent 
places; when those observations shall be scrupulously and 
judiciously digested, we shall very probably find that circum- 
ateoces of locality will occupy a niuih ukore prominent place 
in science than natural philosophers seem now disposed to 
attribute to them. It would not he diflicult for me, at this 
moment, to mention circumscribed dlstncts which have com- 
pletely escaped the severe colds to which the surrounding 
countries were subjected. The Habieg d'Otonue, for exampk*, 
and the neighbouring diatrieta, si.x leagues in circuit, formedi 
during the winter of 1763 and 1704, a kind of thermal oasis. 
The Loire was frozen near its moutli ; au intense cold uf — 10 
degreea centigrade (14'^ F.), interrupted all agricultural ope- 
rations in Uie disti'ictswliich the river traverses. In the Sables 
the weather was mild : this little canton escaped tl>c frost. 



The following is a still more extraordinary fact than the 
preceding, for it takes place every year. 



W Obtrurtt/ion* of ike Atmotphere. 

There is in Siberia, M. Erinnn lina informed as, nn entire 
dhtriety in which, durlnj? tho winter, the sky is conittAnUy 
clear, and where a single particle nf snow never falls. 



1 am willinpr to fivcrlook the perturbations of the terrcB- 
trial tpmperatnreR which may be connected with a greater or 
ictra adiindant entinsion of light or solar heat, whether these 
variations of emiiialon depend on the unmber of Bpota which 
Rre found accidentally aeattered over the snn's fnirfneo, or 
whetlier they originate in some other unknown cause ; but it 
is imposBible for me not to draw the reader's attention to the 
obscurations to which our iitinospliero h from time to Uine 
aixbject> wittiout any assignable rule. These obscurations, 
by preventing the light and solar lieat from reaching the 
eartli, must disturb euns»idcrably tht course of the seasoas. 

Our atmosphere is nl'ten occupied, over spaces of consider- 
able extent, by substances which matt^rialIy interfere with 
its transparency. These mutters sometimes jiroceed from 
volcanoes in a state of eruption. Witness the immense 
column of ashes which, in the year 1812, after having been 
projected from the crater of the island St Vincent in a great 
height, caused at mid-day a darkness like that of night In 
the island of Bnrbadoes, 

These clouds af dnst appear, from time to time, in regions 
where no volcano exists. Canada, in particular, is subject 
to Buch phenomena. In that country recourse has been had, 
for an explanaticin, to the burning of foresta. The facts do 
not always appear to sigi'ee exactly with this supposition. 
Thus, (m ICth October 1785, at Quebec, clouds of such ob- 
scurity covered the sky, that it was impossible, even at noon, 
to sec in what direction one was going. These clouds covered 
B space of 1 20 leagues in length by 80 broad. They seemed 
to come from Labrador, a country very tluuly wooded; and 
they presented none of the characters of smoke. 

On the 2d July 1814, clouds similar to tlio above sur- 
rouuded some vessels in the open sea on their way to the 
River St Ijaurence. The gi-eat obscurity lasted from the 
evening of the 2d till the aftenioon of the 3d. 

With regard to the object we have here in view, it is of little 
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importAnce whether we OEM^rihe these clonda, capable as tliey 
Arc of completely olmtructint; the solar rnys, to the hum'mE 
of forests and HnvuiinahR, or to emauattona from the eaHli. 
Theirfurmatiuu, atid their arrival in a jD;ivcn place, will remain 
equally beyond the predictions of science; the variations of* 
tcoopcratui-Ct and ractcorR of every kind which may be canned 
by theae ulouda, will never be pointed nut Iraforehand in our 
meteorological almanacs. 

Tlie OrCcideQial dai^enin^ of the air. in 1763, embmeed so 
extensive a space ^from Lapland to Africa), that it was as- 
cribed to tiic matter belon^n;i; to the tail of a comet, which, 
it was alleged, had minjCilcd with our atmosphere. It is out 
nf the question to nmintnin that an accidental state of the 
atmosphere, which enabled uh, for a period of nearly two 
months. t*i look at the sun at mid-day with the nuked eye, 
was without inrtnence on ten-estrial temperatureit. 



Forests cannot fail to exercise a sensible influence on the 
temperature of the surrounding regions ; because, for ex- 
ample, snow remains there for a much Umger time than in 
the open country. The de.struction of forests, therefore, 
ought to produce a modittcntion in our climates. 

In given instimces, what is the precise intluence of foreaifi, 
eatimated by the centigrade thermometer X The question is 
very complicated, and hait not hitherto been solved. 



In all very monntainons regions, the valley.* are traversed 
hy periodical diurnal breezes, partictdarly sensible in May. 
June, July, August, and September. Tliese breezes ascend 
the valleys, from seven or eight o'clock in the morning to 
tliree or four in the afternoon, the time when they reach their 
greatest force, and from four o'clock to 8i.\ or seven in the 
evening. For the most pai-t they blow with the force of a 
decided wind, and sometimes with that of a violent wind ; 
they must, therefore, exert a sensible infinencc on the 
cUniatea of the countries which lie around these valleys. 

What is the cause of these bree:ics ? Every thing concurs 
1« shew that the cause is to be found in the manner in 
which the solar ravs wann the central mass whence these 



valleys radiute. Suppose this maaft to be naked, then you 
have ft c«rtam effect ; substitute tufted forests for arid rocks, 
aiid the phouomenoii will UHsume auutber chanu^ter, at leaai 
with regard to intensity. 

This is one of the twenty waj-s in which the clearing of 
woods affcctH climatca. Before putting liis hand to the task 
of arranging liis predictiotu, the manufat^lurer of almanacs 
ought, thei*efore, to enter into a correspou deuce with all the 
wood-cutters of every country. 



in Korth America, the interior of the continent docs not 
«njoy, in the same latitudes, the same climate as the coasts. 
By the inHueuce of lakeb, this difference disjippciars with re- 
spect to all Uie pomts where the distance from these great 
masses of water is not considerable. 

We must, therefore, expert that the drying up of a lake 
will modify the climate of the neighbouring region ; and tliat 
a vast inundation, arising from the unexpected rupture of a 
barrier, will produce for a time an opposite effect. 

If any one should exclaim against me on seeing me regis- 
ter causes, each of which, taken by itself, does not seem capa- 
ble of producing a very great effect, my reply would be, — We 
have to consider an iiiUueucti as a whole, and in every case 
the perturbations which it is our object to explain, are far 
from being so ext'ensivc as the public supposes. 



Accoi*ding Ui Howard, the mean temperature of London 
exceeds that of the neiglibouring country, about a ceutiyrade 
degree. (1 '-S F.) 

The difference between the two temperatures is not the 
Bame at all seasons. 

We could not well avoid arranging electricity among the 
causes which have a striking influence on climatA)logical phe- 
nomena. Let US go fartlier, and inquii*e whether the operas 
tions of man may disturb the electrical state of an entire 
country. 

Clearing the wood from a mountain is tliu destruction of a 



Atmo/tphericn/ Electriniy. 

nomber of lig-litning-condiictors equal to the number of trees 
felled ; it is the inudification of the elcctriciil state of an eu- 
tire country ; the accumulation of one of those elements in- 
dispensable to the foiTUfttion of hail, in a locality where, pre- 
viously, this element was dissipated by the silent aud inces- 
sant action of the trees. On this point, obsorvations sup* 
port theoretical dednctions. 

According t«i a detjtiled statistical account., the losses oc- 
casioned by hail in the continental states of the king of Sar- 
dinia, from 1820 to 1828 inclusively, amonnt to the sum of 
fortj/'gix million* of francs. Three provinces, those of Vat 
dfjioste^ the Valfre tie Sttze, and Hante Maurietine, do not ap-i 
pear in these tables ; they wei*e not visited with hail storms. 
T/te mountains o/i/iege three province i are the best rpooded. 

Of the warmest provinces, that of Gcnou, the mountains 
of which are well covered, is scarcely ever visited by this 
meteor. 



Atmospheric electricity gives i-isc to phenomena, which 
9ite immense from theii* extent. They seem, however, to owe 
their origin tn causes purely local. Their propagation like- 
wise takes place under circum8cri!)e<l influences, in pai-ticu- 
lar zones, and these sometimes rather narrow. 

On the 13tb July 1788, in the morning, a bail-storm com- 
menced in the south of France^ traversed, in a few hours, the 
whole lengtli of the kingdom, and thence extended to the 
low countries and Holland. 

All the district* in France injured by the hail, were situated 
in two parallel bands, running south-west and north-east. 
One of these bands was 175 leagues long ; tlie other about 
200. 

The mean bi-eadth of the most western hail band was 4 
leagues, the other only 2 leagues- On the space between these 
two bauds, rain only fell ; its mean breadtli was 5 leagues. 
The storm moved fi-om the south to the north with a rapidity 
of about 16 leagues an hour. 

The damage occasioned in France, in the 1039 parishes 
visted by the hail, appeared, from official inqniry, to amount 
to twenty-five millions (one million sterling.) 
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This, cerUinly, must be rogardeil m a cotiKiderable at- 
moapheric comnintiot). whether we regaiil fhe uiateria! de- 
vastation it proUuceil, or the itiHuenee which the displace- 
Iment of the air, ami the nmss of hail deposited on tlie sur- 
fluse of two long and broad hands of cnuntry, muat have ei* 
ercised ou the normni tcropcraturr of a gi*eat number of 
places. Could meteorologists, however skilled^ have been able 
to foresee it \ 

The origin of the two hands was in the district of Aunis, 
and in Saintonge. Why there, nnd not elsewhere J Why 
did not the Bturm commence at another point of the parallel 
of latitude, passing by it^ meridional extremities \ Ilecauae, 
it will bo anRwered, in Aunis and in Saintongo, on the 13th 
July 1788. the conditions of electricity and tempei-ature were 
eminently favourable for tbe piniduction of n hail-storui, and 
an accompanying hurricane directed from the south-south- 
west to the north-north-east. Admitted ; but were not these 
tliermal and electrical conditions favourable to tlie produc- 
tion of a storm, ultimately conncctwl with agricultiu-al oper- 
ations, with the cxi.s;tence of such and such a mass of trees, 
with the state of irrigation, with circtimstancca varying ac- 
cording to the wants and caprice of men \ M^'ith regard to 
temperature, no one can hesitate in his reply. In the other 
particular, tlic connection will appear udt less evident if I 
bring to mind that evaporati<in is a fertile souit-e oi' electrici- 
ty, and that various natural philosophers have even included 
vegetation among the* causes which generate this same fluid 
in the atmosphere. 



If it be true, utt has been alleged, that, in certain cajrex, the 
flame and smoke which issue from tbe mouth uf a furnace, 
or from tbe chimney of a manufactory, may deprive the atmo- 
8phei*e of all electricity for many leagues around, the propheft 
in meteorology, will be placed in an additional difliculty. It 
will be necessary that they should know beforehand all the 
plans of the musters of forges and proprietors of manu- 
factories. 

According to all that we most certainly know respecting 
tlie physical cause of wat«r-8pouts, and according tu H. 
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Espy'atlieory, ftometimes no more ih uecessarj than an as- 
cending current pmducod by the clumney of a manutactorj^ , 
to givo rise to one of these fomiidable meteors. 

Raut. 

i is sftid to have been i-eiuarked in Italy, that, in propor- 
tion as rice-tields multiply, the annual rpiantity of rain haa 
gradaally increased, and that the number of raluy days h&s 
aupnented in proportiuu. 

Can it be imagined, that Buch clrcumHfanc«s as theae can 
ever be taken into account, in the eoinbiimtiontt uf the alma- 
nac- man ufaetarers 1 



In tlie ti*opical regions of Amcinca, the natives regai'd re- 
peated shocks of earthquake^ as welcome precursors of ferti- 
lizini^ rains. Humboldt even relates, that violent shocks sud- 
denly brought on the raint/ season, a. considerable time before 
the ordinary period. 

It is not i>robable that tlie influence of earthquakes is ex- 
erted only in the vicinity of the equator. The power of 
predicting ruin must, therefore, suppose an anticipatory knonr- 
ledjre of the number and strength of the shocks, which are to 
be felt in the region for which the astroltM^er workx. 



The following passage occura in Bacon's woi'ks: — " Some 
hisiorians allege that, at the time wheu Guyenne was still 
in the power of the English, the iidmbitantH of Bordeaux and 
the neighbouring cantons made a request to the king of 
England, to induce him to prevent his subjects of the coun- 
ties of Sussex and Ilaiiipton, fnnn burning the heaths in the 
end of April, as they usually did ; because they thereby gave 
rise, it was aflirmed, to a wind which proved very hartfol to 
their vines." 

T know not bow far there were grounds for this request, 
the distauce of 13oi-deaux from the county of Sussex is very 
"tOdsiderable ; but I must not fail to meutiou, that natural 
philosophers are now disposed to assign a no less extraor- 
dinary part to conflagrations. In the United StAtes, a well 
known philosopher, M. Espy, adopting the opinions prevalent 



--^ -'* 



16 



Kindfiwj Fires to Produce littin. 



Space anH time will not allow me to point out the miilU- 
iiide of local causes wlii<:li may exciTiai* a great influence on 
the dii^ctioa auil force of the wind. 1 shall discuss this de* 
licate qupstion in another notice. At present, I shall confine 
myself to a remark well-fittod to enlighten those who, from 
want of meteoniloglcal instruments, take for t4ieir guides the 



* It )\o» lung lieitD an opinion entertuiaiHl by l\w pviiJ^tEtry in the BOttth of 
SouUanil (wo know nut whether tho bdlidf [irevniH ••IsowhcrBj, thnl mni'r-bHm, 
or the barnlDg, in the epring, of old heather and other plants, in order to prtH 
ducc % toorc tender and nutritious vegetntion, a prnctice whirh v.'ss once very 
gtncr*!, hu *. d«ci<Ied tendency U> produce d cfannge of woatber, and to bring 
00 rata.— iiVf , 



I 



among the nativcH of the New Continent, from Canada to Pa- 
raguay, has recently proposed to produce, in times of drought, 
artificial raitu, and hJs means of doing so is by kindling 
largo firea.* Tn support of his scheme, M. Espy mentions 
the following : — 

The opinion of tho Indians of Paraguay, who, according to 
the report of the mis.sionaHes, set fire to vast savannahs 
when their crops are threatened with drought, and allege ■ 
that they thus produce even storms accompanied tvith thunder ', 

Tlie opinion of the colonists of Louisiana, and the »ucce»» 
from time immemorial of burning the prairies in that State ; 

The opinion of the population of Nova Sc^otia, respecting 
the Consequences of burning forests; 

The opinion and practice of the colonists of the districts 
of Delaware and Otsego, &c., &rc. 

M. Espy says, that lie has assured himself, in various ways, 
that the climate of Manchester has undergone gradual and 
sensible mod ifi ration a, in proportion as manufacturing indus- 
try has increased. Since that city has become, so to speak, 
a vast furnace, it rains there moi-e or iess every day. Those 
who |)retend that the deterioration of the climate is not so 
considerable, assure us that it does not rain at Mancliester 
more than six days in the seven ! 

Suppose these facts to be as averred. The predictions of 
rain, in a given place, will often he overturned by accidental 
lircs, and by the fires of manufactories. 
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state of tlie crops aiid of vegetation. It may be expressed in 
the following formulary ; tUe wind exercises a direct action 
on vegetables, often very injurious, and which ought to be 
carefully distinguished from climatologieal action. It \% 
against this direct action, that curtains of wood, by forming 
a shelter, are especially useful. 

The direct influence of the wind, on the phenomena of vege- 
tatloU) is nowhere more strikingly exempliiicd than in the 
Isle of France. The south-cast wind, very healthy both for 
man and animals, is, on the contrary, a perfect scourge to 
the trees. Fruit is never found on the branches directly ex- 
posed to this wind ; none is to be found but on the opposite 
aide. Other trees ai*o modified even in tbeii* foliage ; they 
have only half a head, the other has disappeared under the 
action of the wind. Onvngo and citron trees become superb 
in the woods. In the plain, and where they are without shel- 
ter, they always continue weak and crooked.' 



Oh the IctUkt/ohgical Fossil Fauna of the Old lied Sandstone. 
By Professor Aoassiz. 

The greater part of zoological treatises, which embrace 
the natural history of the animal kingdom in its whole ex- 
tent, represent animals as forming a continuous scries, set- 
ting out with the Zoophytes, and terminating in Man, pass- 
ing through the intermediate types of radiata, molluscs, ur- 
ticulata. and vertcbrata. Sometimes they place the niol- 
lusca, at other times the articuluta, iu the second or third 
rank, according to the ideas their authors have formed of the 
superiority of these types. Others, while they admit a gra- 
dation of animals from the invertebrate to the vertebrate, do 
Dot aniformly construct an ascending scale of the former 
in order to i*each the latter, but place the radiata in the in- 
ferior degree of orgunization, and, by diverging iu two dif- 
ferent du-ections, pass to the moUusca and articulata, which 
they regard as parallel groups, afterwards converging to- 
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wards tlie vertebratu, aa towards the culminatiug type of 
nninmlity. Ot)ibr» ailmit many scrici*, whether parallel, or 
diverging and varjonsly coinljinetl ; each according to hia own 
views. Finally, there are others who consider the great 
divisiuna of the animal kingdom, &a well as tho particaliu* 
classcB, as equivalent groups, which do not admit of grada- 
tion, and each of which represents a separate mode of exist- 
ence, aa perfect in its sphere as any other group whatever. 
According to this mode of viewing the subject, tliere can be 
no gradations in nature. 

It is evident that if these systems arc tme, they ought to 
be confirmed by the study of fossil animals, and their mode 
of existence in anterior creations. Now none of those modcB 
of considering the subject appeare to me to answer to the 
primitive order of things, such as the study of fossils has 
enabled me to observe in the relations which have existed 
from the most ancient times between all the classes of the 
animal kingdom. 

The first important fact opposed to these systems being 
regarded as a time and complete expression of the natural 
relations which connect organized IwiiigH with each othiT, is 
the certainty which we have acquired, for about a quarter of 
a century, that the animals now living on the surface of the 
globe constitute but a small proportion of those which for- 
merly inhabited it. And if this be the case, must not any 
attempt t^ unite all animals in the same plan, in classifica- 
tions founded only on the study of living species, be extremely 
arbitrary, eapecially since it has been demonstrated that tho 
appearance and disappearance of extinct types correspond 
to determinate epochs I Accordingly, the necessity of a more 
complete system is felt more strongly every day, in propor- 
tion as we discover a greater number of extinct genera, fami- 
lies, and even entire onlers. The systems which i-cgard the 
animal kingdom, viewed as a whole, as produced all at the 
same time, as composed of contemporaneous types, and ca- 
pable of being placed in the same rank, with regard to their 
natural value, evidently do violence to primitive relations, and 
to the chronological order of creation- Before proceeding to 
classify organized beings, it is neccessary, in our dav, to 
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form, in ibe fit*»t place, a correct idea of the period of their 
Rppearftneo. This manner of viewing biological qucstioDS has 
become as essential as the organization itself of li%nng be- 
ings, taken aa the basis nf their systematic arrangement. In 
order to acquire a tinily philosophical knowledge of animals 
in general, we ought., therefore, to endeavonr, before every 
thing else, to detenniue the state of the animal kingdom at 
the time of its first appearance on the surface of the globe ; 
then to study the organic changes it has undergone in the 
diffei*ent epochs which have preceded the estjihlisiiment of 
the present oi-dcr of things ; and, lastly, to specify, as far as 
possible, the geological limits of these intermediate changes. 
At no period have geologists made greater and more constant 
efforts than in our own day, to determine the relative ages of 
the different formations which constitute the strntificd crust 
of oar globe, and tJie rigorous limits of fnrmaticna. These 
investigations have naturally led to a greater subdivision of 
the epochs hitherto admitted as distinct. As the study of 
fossils has been pursued with an always Increasing accuracy, 
so it has fiimishwl means of characterising them, always in- 
creasing in precision. To such a degree has this been the 
case, that the opinion which admits many distinct and inde- 
{lendent creations, is always obtaining more and more in- 
Buenc« in the minds of palfcontologists. It is even easy to 
foresee that in a little we shall be obliged to circumscribe 
the limits of geological forinaliona more and more, in pro- 
portion OS the knowledge of clmractcristie fossils, peculiar 
to the different stages of the formations actually admitted, 
shall more evidently represent them to us iia independent 
systems, differing at once from those that have preceded and 
foUowet! them. We shall thus be led to admit a very con- 
siderable number of independent creations, each character- 
ised by a particular assemblage of peculiar vegetable and 
animal species, imbedded in a system of strata deposited dur- 
ing the eiistence of these organized beings, or in conse- 
quence of the cataclysms which attended their destruction. 
Ere long we shall have to do, not merely with primary, se- 
condary, or tertiary fpochs, nor even simply with paljeozoic, 
triasBic, Jurassic, or cretaceous periods, but ratlierwith cam- 
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brtan, silmaan, devonian, coal, pcrmian creations, &c , aa 
HSBemblagea of organized beingt* equivalent to the whole liv- 
ing beings now on tlie surface of the globe, or as geological 
epochs which, from their importance, fulmit of comparison 
with tJmt to which we belong, and which goes back to the 
cstablishmont of the order of things which pi-evaila on the 
earth in our own day. Indeed, I have no doubt that the 
truth of what I now affirm will, in a few years, be generally 
admitted, and that the greater part of the subdivisions of our 
present classification of geological formations, will be regard- 
ed as independent formations, and the fossils which they 
coBtain as reproscntatives of distinct creations To be con- 
vinced of this, we have only to follow the progress of the 
most recent discoveries in paWotitolcgy. I need only refer ■ 
to the works which have bi?en publiHlied within the last fif- 
teen years. The examination of genera, in countiics tlie 
most remote, confirms these anticipations. I require no other 
proof than the beautiful discoveries of M. Lund respecting 
the fossil bones of iirazil, and the no less important researches 
of Messrs Falconer and Cautley on those of the sub-Hima- 
layan hills. Everj'whei*e. in the end, we discover, within 
Tery restricted vertical and horizontal limits, assemblages of 
fosei! species as considerable as those with which we become 
acquainted by Ulc study of the richest living faunas witfaiD 
aimilar geographical limits. 

The study of the fishes of the old red sandstone, will fup- 
nish, 1 hope, a new argument in favour of the theory I advo- 
cate. 

In order to point out more distinctly the ichthyological 
characters of the epoch during which these formations were 
deposited, it will not be superfluous to pass rapidly in review 
the phases of development in the principal types of animality 
at the principal epochs of their mctaniorphoses, and then 
shew in what manner these typts wci*e combined in the se- 
ries of time. This will be the best introduction to the ge- 
netic study of the affinities of the presently existing fami- 
lies of the animal kingdom. Not wishing to bring forward 
a complete system in this place, I shall confine myself to 
laying before the reader the immediate consequences of tb 
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facts, both zoologirni and geological, which have of late beon, 
most carefully studied ; for the agreement between the zoo- 
logicjil affinities and the geological division of tj'pcs in the 
series of fonnationa is 8o striking, especially in certain 
classes which have of late been the object of particular study, 
that T think it may now be laid down ns a fact, that sytcma- 
tic claBHifications wliidi are not, at the same time, the ex- 
pression of the succession of families in tho order of time, 
can no longer he considered as expressing the real affinities 
existing among the animals which they embrace. The most 
fortunate approximations which naturalists have attempted 
at different epochs, have really received a striking confirma- 
tion by modern palteon to logical discoveries, and that often 
when those to whom we owe them were unconscious of it. 
These results are so striking, that even now. in some classes 
of animals, the knowledge of fossils, and their order of suc- 
cession, may serve us as a guide to coiTect the zoological 
iystem, just as, on the other hand, the advanced state of our 
anatomical knowledge will lead us to a correct determination 
of the geological age of certain deposits, even although we 
ihouM not discover in them any fossil spectea identiciU with 
those of wcll-detcrraincd formations of the same era. I shall 
even go further, fur I can now foresee the time when these 
results will equally harmonize with the laws of the geogra- 
phical distribution of animals on the surfuce of the globe ; 
but the facts i*elatiug to this order of connection are not yet 
Bufiicicntly known to induce mc to enter upon the considera- 
tion of thorn on this occasion. 

The most important resolt of modern paltBontological ro- 
searc-hen, in reference to the present question, is tho fact, no 
longer open to dispute, of the simultaneous appearance of 
particular types of all classes of iuvertebrate animals, from 
the mo.st ancient pei'iuds of the development of life on the 
surface of the globe. Wc find, in fact, in the palreozoic forma- 
tions, the foasi! remains of radiata, moUusca, and articulata. 
We may even admit that the first representatives of all the 
clfMses of the three great branches are contemporaneous, for 
we find Polypes, Ecliinodermn, Acephala, Gnsteropods.Cepha- 
lopods, and Testaceous and Cruataccous Vermes, in the most 
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ancient foBgiUferous formationit ; and if we have not hitherto 
discovered any Medusa:, it is much more natural to ascribe 
their absence to their extreme softness, than to Bupnose that 
they did not accompany, in ancient timet), the typ«n of the 
other claRSCB of invertebrate animals, with which we always 
and everywhere find them associated in the presently •exist- 
ing creation. Some of them, indeed, have been found at »So- 
lenhofen. With regard to insects, their existence has been 
already ascL-Haiued in the coal-formation, which, in my opi- 
nion, is much more intimately connected with the palaeozoic 
than with the secondary formations, by the whole of ite or- 
ganic characters. It is, therefore, now demonstrated, that 
all the classes of invertebrate animals have appeared on the 
Burfaco of the globe at tlie same time, and that they go back 
to the most ancient geolo^cal epochs ; whence it follows, in 
a manner the most nnqueationable, tliat we can no longer 
continue to regard them as forming a progressive scries in 
their flppea»*ance, as has been so long imagined. For the de- 
tail of facts, and the nominal enumeration of species, ] refer 
to the important works of Murcliison, DeVerneuil, D'Archiac, 
De Keyserling, and Roemer, on the palieozoic formations and 
their fossils ; reserving for myself only a few observations on 
Hie vertebrate series, when I come to speak of the fossil iisheB 
of the old red sandstone in particulai*. 

Our actual knowledge of fossil Polypiers, taken as a whole, 
not being yet so far advanced as that of the living species, and 
the Acalephre not having hitherto been observed, except in 
a few secondary deposits, I think I may dispense with speak- 
ing of them in this plii.ce, without any apprehension of there- 
by weakening tJie general results which flow from the par- 
ticular examination of the other classes of invertebrate 
animals. 

The interesting researches of MM. Miller, Goldfusa, 
D'Orbigny, Th- and Th. Austin, J. MUller, and Leop. de 
Buch, on living and fossil Crinoides ; those of MM- .T. E. 
Gray, J. Mullcr, and Traschel, on the Asterise and Comatulie; 
my own, and those of MM. Valentin aud Desor, on the living 
and fossil Echinidae, including their anatomy ; those of Profoa- 
sor £. Forbes, and my own, on the Echinoderms in general, and 
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those of M. Tiedemnnn snd many modtim authors on their 
anatomy, have enabled us, of late years, to iit'quipe a more 
complete acquaintance with these animals, than witli those 
of any other division of the department of radiata, with the 
single exception of livin^^ polypes*. Acconlingly. the relations 
of the living and fossil types of the class of Echinoderraa 
now appear in tlie moat evident manner. The Crinoldea are 
the prototype of the whole class. Not only does geology 
shew this, hut also what we know of the fhst states of some 
species of this family {Comatula and Pf>ntacrinus EuropwM) 
equally confirms it We may even say that the Crinoidea 
present us witli a kind of synthesis of all the families of this 
class, by the dltfereiit forms they assume ; for example, in the 
Cystides which remind us of theEchiniilte.orin theMelocrines, 
which make a near approach to tlie Asteriffi. It is only the 
Holuthurite which seem i*i be exclusively confined to the pre- 
sent creation, and this family is precisely that which oocupiea 
the highest rank among the Kchiuodernis ; while the CrinoHdes 
which occur at the lower part of tliis series, would appear to 
be the first ; tlien come the Asteriro, alrea<ly numerous in the 
triaasic formations; and, finally, the Echinidie, whose greater 
development characterises the Jurassic, cretaceous, and ter- 
tiai'y formations. But each of these formations has it« par- 
ticular forms, and even its own genera ; the Crino'fdea of 
the pal^eoKoic formations are not the same as those of the se- 
condary formations, and they disappear almost entirely in 
the cretaceous and tertiary deposits^ being no longer repre- 
sented in the aetuni epoch, but by a few fixed species, aud 
by Comatulie, which go back, it is true, as far as the Jurassic 
formations, but which approximate, in many respects, to true 
Asteriic. Tlie latter, in their turn, are represented in many 
formations by particular genera, which are still imperfectly 
known, with the exception of some typos belonging to the 
chalk, of which well preserved specimens have been found in 
England. Lastly, the EchinidiE, so abundant in tbe superior 
secondary and in the tertiary formations, here everywhere 
appear under new forms j so that the genera of the existing 
creation do not go back, for the moat part, beyond the ter- 
tiary formations, with the exception of the Oidaris, ape- 



ilte 



eicH of which already abound in the jorassic formations. 
Tlie wliole family of Spataniji, that is to say, the family 
which approaches nearest the Holothuria*, does not go beyond 
the cretaceous formationsi. The plates and spines of the 
coal formation wliieh have been assigned to Cidaritos, do 
not belong to this family ; they are the remains of particnlar 
genera of Crinoides covered with spines. Yet, in our zoolo- 
gical systems, all these types are placed upon the same level, 
and if they are an-anged one above another, it is without any 
anxiety about the analogy which exists between their gra- 
dation and the order of succession in which they appear in 
the series of formations. So much is this the ease, that 
what M. de Humboldt say8> in such a picturesque manner, in 
his Ko/tmos, of the nnpect of the sky which presents to us 
every evening, as a real image, the assemblage of celestial 
bodies, many of which have ceased to exist for mjTiads of 
yeafs. may be applied with equal truth to the idea generally 
given to us by the frameworks of ourzoological systems, whicli 
likewise hold up to us these witnesses of bygone times as 
existing realities. 

The Accphala afford us a nut less striking example of these 
relations between the organic cliaractors of a well character- 
ised zoological gi-oup, and the time of the appearance of its dif» 
ferent types. lu order to shew tliis connection more distinctly, 
1 may be permitted to premise a few general observations on 
this class. Mr Owen was the tirst to shew that the Brachio- 
pods ought not to be regarded as a separate class, but that 
they may be conveniently arranged on the same line with 
the Monomyairea .and the Dirayaires. To prove tliis asser- 
tion by new arguments, I have only to bring to mind that 
these fundamental sections of the class of Acephalaare closely 
allied to each other by the connection of theirprincipal fomis, 
and by their respective position in the midst of the ambient 
elements, as I have shewn in my memoir, Sur let jiioulea de 
Mollusques rivana ct fossiles, to which I refer. I shall here 
merely state that tlie lirachiopods exhibit an inverse sym- 
metry when compared with that of the regular Dimyairea. 
In the former, the right and left, aides are of very different 
^t and the animal is constantly lying on one of 
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its Bides. au<l tbe sides hftve very generally and erroneously 
been regarded as the dorsal and venlrM reginna. Tlie ante- 
rior and poH(^rior extremities, on tlie irontrary, are atiaped 
with the most perfect symmetry ; that is to fifty* in other 
words, the front and the hinder part of the animal cannot 
be distinguished, while its sides shew a marked difference. 
In the Monomyoircs in general, and among the Ustraeea in 
particular, wc obsei've a conformation intermediate between 
that of the IJrachiopoda and that of the I)iniyaii*ea ; the sides 
are still very diflferent, but now one of the edges appears as 
th« anterior extremity of the body, and the animal, still ad- 
hering in the ease of oysters, has no longer, in all the genera, 
the absolutely lateral position uf the inferior types ; wit- 
ness the Pectens, which swim freely. I«astly, among tbe 
Dirayairea, the bilateral symmetry attains to full perfection , 
and, at tlie same time, one of the extremities of the body is 
sensibly characterixed as the anterior. The animal then as- 
sumes a position more or less vertical, the head in advance, 
and the relation of its organs with the siin-oiuiding media are 
analogous to those of other symmetrical animals. 

These eonnections are fully justified by the order of the 
Buccession of the Acephala in the series of formations. Of 
all moticm palBoontoIogist-s, M. de Bueh lit the individual who 
faim studied the fossil BracWopods with the greatest care ; 
and it is to hia works above all others that T referfor the de- 
tailed study of the facts, the principal re.sults of which I am 
about briefly to state. In the most ancient formations, we find 
nothing but Tirnchiopods, b^t in such profusion, and in forms 
BO varied, that in their abundance and diversity, they scarcely 
yield to the Acephala of the tertiary formations, in which the 
brachiopods have almost entirely disivppoarc'd, to be ifplaccd 
by an innimierable quantity of species of different genera, 
belonging, for the most part, to the order of Dimyalres. To 
make up for this, the iutennediate formations afford a re- 
markable assemblage of Brachiopods, MonomyaJres, and Dim- 
yaires, the more interesting fi-om this, that the Dimyaii-ea 
with non-symmetrical sides still e.xceod in Dumber those 
which are perfectly regular, and thns become connected with 
the Monomyaires and Brachiopods M-hich, at the era M'hcn 
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they existed aluue. gave to the acephaluus faunas the singu- 
lar character of want of e^mmetry in the Bides, combined 
with a very remarkable Rymmetry liefore and behind. The 
facta of detail to which I lierc refer, arc scattered throughout 
all modem works on paljeontoli^y and geology. If, however, 
it be objected to me, that, by recapitulating these facts, I have 
generalised too much, 1 may remark, that even though some 
speeies form exceptions to the rule, the general character and 
fundantcntal relations of tJicse great divisions arc not less 
of the nature I have indicated ; then we must not forget 
that certain fortuitous or obsolete determinations, collected 
at hap-hazanl from books, cannot from any case he taken into 
consideration in examining the questions with which we are 
now occupied. 

As we have already seen in the case of the Ecbinoderms, 
tlie Acephala likewise present very marked modifications in 
their representatives, from one fonnation to another ; and, 
notwithstanding assertions to the contrary, I here repeat 
what I have long since affirmed in regard to fishes and 
Echinodcnus, and which the comparative study of a great 
number of fossil shells has likewise demonstrated to my 
satisfaction in reference to the mollusca, namely, that the 
species, viewed in the mass, differ from one geological epoch 
to another, in the restricted limits of the subdivisions of our 
great geological formations. No one baa hitherto brought 
forward this result in a more general manner in regard to 
the mollusca of the cretaceons and Jurassic epochs, than M. 
D'Orbiguy, in bis French pala:ontology. On my own part, I 
have pointed out results in every pcspect similar, in my cri- 
tical studieti oil fossil molluscs. Even before that time Mr 
Williamson had announced, in a short notice of the fossils in 
the vicinity uf Scarborough, tliat the species differ completely 
from one foiuuation to another, in the oolitic series. I am 
not aware, however, that this fact led Mr Williamson to 
enter int/i a critical examination respecting these fossils. 
But it is above all in the tertiary formations that repeated 
identities in tho different foi-mations have been enumerated 
in the greatest number. Yet, in a memoir which I published 

L.tei*tiary shells, the final result of which I had long since 
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announced in other publtcatiuns, I have den)onaii*ated, in re- 
gard to a pretty considerable number of species, tliat these 
ideutiflcaiions are merely exaggerated approximationa of 
species often very much alike, but, notwithstanding, specifi- 
cally distinct- 

The Gastcrupods do not seeni at first si^ht capable of af- 
fording much interest in the point of ^Hew in which we are 
now considering the diffci'eat classes ; in fact, the Gaatero- 
pods of the pnlccozoic formations, and even those of the se- 
condary formations, with the exception of a portion of those 
belonging to the chalk, have not yet been sufficiently studied 
to admit of being compared, with an entire knowledge of 
causes, with the living rtpecies. I shall, therefore, merely 
remark, thai the two types of shells, which we disiingutsli in 
the living state, that with the opening entire, and without 
canal or notch fur the respiratory tube, is the most ancient, 
and is alone met with in the pulfcozoic and in the ancient se- 
condary formations ; while that which haH a siphon, does not 
make it^ appearance along with the furuier till after the lias, 
when it assumes a preponderance, always becoming more 
marked, in the tertiary formations and in the actual creation. 
It is a rather singular connection that these ancient Gaater- 
opods have a greater resemblance in certain respects to uiu* 
terrcsti^al and fluviatilc shells than to marine spccica ; wit- 
ness those numerous species belonging to the Jurassic and 
tria^sie formations, which liavc been referred without suffi- 
cient cause to Melania or the neighbouring genera. We 
perceive in this fact something analogous to what I pointed 
out many yeai-s ago witli I'egard to the fossil fishes of the 
secondary furmaiiuns, which, although belonging to extinct 
genera, have a greater resemblance to certain trcsh-wafcer 
fishes of the present day than to any marine Hah. 

The numerous special work?* which have been published on 
the Cepbalopods, living and fossil, from the monographs of 
MM. de Ferufisac and D'Oi'bigny, down to the most recent 
productions of MM. de Buch, Miinatei'. Voltz, Owen, D'Or- 
bigny, Valenciennes, and others, have made tliis class well 
known, and it is one of the most carefully studied of the ani- 
mal kingdom. It is not. therefore, difficult to seize the na^ 




tural relntions of its families aloag with tlie phages of their 
propresnive development in the order of time. The types of 
the Ammonites aud Nautili lire the most ancient ; they even 
appear very nearly contemporary in all their development;, 
and in this we may find a new proof of their value aa zoolo- 
gical groups; however, they do not possena altogether the 
same importance. The family of the Ammonites, more nu- 
merous and varied in the most ancient epochs, disappears 
also sooner ; for it does not come further than the cretaceous 
epoch. The researches of MM. De Buch aud De Miinster 
have made us too well acquainted with the order of succes- 
sion of these fossils to render it necessar}- to refer to it here, 
T shall merely remark that the genera, so curious and nn- 
mci*ous, which M. D'Orhigny has distinguished in the chalk 
formations, where they appear in astonishing diversity, at 
the very point where this family is ahout to become extinct, 
furnish us with a vei*y correct example, and certainly one 
well worthy of fixing our attention, of the irregular, and, in 
some degi'ee, ('(invulsive uinTementa to which the ammon- 
itigeiiic idea has been subjected in its exjiiring agony, with- 
out reaching the tertiary epoch or the existing creation. 

The Sepiae, &c. form a third type of this claas, and that 
which occupies the highest rank in it; its existence does not 
appear to go beyond the lias, where the Relemnitps, the Ten- 
dopsis, and Cehsnos have been Hie pi-eeursors of the Sepin, 
the Calmara, and the Onychoteuthes of our era. 

The department uf the Articulata, like that of the moUus- 
ea, and that of the radiata, contains only three classes, 
namely, Crustacea, Insects, aud X^ermes. The other primor- 
dial sections, which there has been an attempt todistinguisb, 
ought to be united under these three beads. Thus, the Cip- 
ripedia can no louger be separated from the Crustacea, whose 
organisation and mode of development tbfy share. It is 
likewise to the class of cnistacea that we must refer the 
Lerncff, Rotifene, &.C. The Arachnida and Mj-riapoda are 
true insects, or rather they are connected with winged insects 
by intermediate tyjies, so closely united that it is impossible 
to separate them. We must not neglect, in these connee- 
tjoasj ti)e characters of the larvte and those of the species 
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which continue apterous. Many of tlie so-called Apteru 
ought to be withdi-awn fiMin thia ill-itigeated group, in order 
to be placed in their respective lamilies. With regard to the 
vermes, it appears to me im[>ossible to separate, as elasses, 
the Ajiiielida, the Turbelhiriic, and the Helwinthea ; too many 
characters unite them, and the analogy in theii' euibryoulc 
development, as far as it is Jcnown, is too striking to author- 
ise the continuance of these clasRett. It can no longer be a 
question, then, henceforth, that we ought to leave the iiitcati- 
nal worms in the department of the raUiata, any more than 
that the infusoria, at least by far the greater number, con* 
nect themselves, in my opiuion, with the crustacea by the 
rutifera. 

The vermes, those of them at least covered with a solid 
envelope, have left too insigni6cunt traces of tlieir existence 
in the acrica of formations, and the fossil insects hitlierto dis- 
covered are in too small numbers, and have not been snfli- 
criently studied, to render it possible at present to form a just 
idea of the part they have acted in the diffci*ent geological 
epochs which have preceded the present creation. These 
classes still await their monographs for the fossil species. 

It is not the same with the cruatucca which ore found in 
ppett.y considerable numbers iii the whole series of forma- 
tions ; and, if they have not been the subject of such numer- 
ous researches aa the fussils of the ^eatev part of the other 
daases of the animal kin^om, they are still sufhuieutly well 
known to enable us to ascertJiin the progress of their develop- 
ment from the most remote geological periods. 

The Trilubiics, which are unquestionably the most ancient 
type of the class cruatacea, have been the object of numerous 
publications and very varied researches, since M. Al. Brong- 
niart made it the subject of a special monograph. The works 
of MM. Dalmau, Green, Kmmerieh, and Burmeister, particu- 
larly deserve to l>e mentioned in the lirst rank among tUoBe 
which have contributed moat to extend our knowledge of thia 
curious family, and give us correct ideiia of their real i-ela- 
tlons U> the other ai'ticulated animals. The Tnlobites appear 
under the strangest and most varied forms, from their first 
occurrence in the most ancient palacozow ioYUiaXAot^a. TV\\* 
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type, however, does not go beyond the period of the coal for- 
mation, when it is replnced by gigantic Entomostraca. which 
are in some dejpve the precursors of the Macruri. Bnto- 
mostnica of small size likewise appear in very ancient for- 
mations ; they abonnd in certain coiil foiTnations, for exam- 
ple, and they are fuund after that iu a multitude of deposits. 
They have not yet, however, been studied in a satisfactory 
manner. 

The Maciniri, with which MM. H. de Meyer and Count 
de MiinBter arc particularly occupied, prevail fn>m the tri- 
aasic epoch to the present creation ; while the Brachyura are 
CBsentiftUy tertiarj'. These latter, as well as the Clrripedia, 
which appear to be their contcmporarios everywhere, arc still 
far from beinj^ so well known as we wuuld desire. A mono* 
graph of the CiiTipedia, both living and fossil, is in particular 
a pressing desideratum for zoology as well as for pala^onto* 
logy. Tlie other orders of cruatacea are not known except 
in t}ie tertiary formations. The parasitic Crustacea, soft and 
vermiform, appear to be exclusively confined to the present 
creation. 

It follows, from this hasty glance, that the types whose 
afTiDltics have been bcHt studied, such as the Trilobitcs, Mac- 
ruii, and Brachyura, succeed each other in the series of for- 
mations in the onler of their organic gradation. It is even 
very curious to observe the intimate analogy which exists 
between the forms of these different types and the phases of 
the embryonic development of the Crustacea, which MM. 
Rathlce and ErdI have afforded us the means of becoming ac- 
quainted with. 

If I have not hitherto spoken of the Infusoria, it is not be- 
cause I forget their influence in the history of the formation 
of our globe. On tlio contrary. I think tlmt M. Elirenberg 
has opened a new era for palaeortologieal researches by bis 
important discoveries in the world of these infinitely minute 
creaturL's : but 1 likewise think that the novelty of these re- 
sults, as surprising a» unexpected, do not yet allow us to 
appreciate them at their just valne. 

After having thus passed in review the principal classes of 
invertebrate animals, whose fossil remains have been most 
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caxetxxWy studied, I may be penuitted to pause fur an instant, 
and consider tlio coDseqiicnccs ivhieh directly flow, in a 
theoretical point of view, from ao many scrupulously examined 
facts. And, in the first place, it m evident that, from the 
most ancient times, all tbo classes of invertebrate uuimal» 
have been represented on the surface of the globe ; that they 
have all presented from the 6r»t a great diversity of generic 
and specific forms; thsit this variety is in no respect less, if 
we take into account all the conditions of their preservation, 
and all the difiitiulties of observation, than that of the speciefl 
of a local fauna belonging to the present ci'cation. circum- 
scribed within limits con-esponding to the extent of the sur- 
face of the palaeozoic formations hitherto examined ; that the 
number of these fossils is certainly as considerable aa that 
of the lists of living species which were published, scarcely 
half a century ago, as complete enumerations of the aniuiaJs 
of well known countries. I shall merely mention, as ex- 
amples, the various fauna^s of Europe at the end of the last 
century, or even those of Brazil, Kgypt, Arabia, and the In- 
dies, and the lists of palmozoic fossils pnh1i.shed by Messrs J. 
Phillips, De Verneuil and D'Archiae, or those wliich accom- 
pany M. Murehison's work on tl»e ailurian system. 

These facts, now as well established as facts uf this nature 
can be, clearly shew the impoasibility of referring the first 
inhabitant's of the earth to a small number of original stocks, 
which have become diversified under the modifying influence 
of external conditions of existence. They point out to us, as 
with the finger, the direct intervention of a creative Iiitelli- 
geoce, anterior to the existence of all beings, who \iiaa or- 
dained their relations, determined their development, and di- 
rected their successive appearance, up to the establishment 
(rf the order of things which now prevails in the world. These 
facts also prove the nothingness of all material and panthe- 
tatical theories, which ascribe to finite beings a self-existing 
porwer, and make them depend solely on indetormiuale ex- 
terior influences. 

When I commenced the publication of my researches on 
fossil tishes, 1 was acquainted with do species more ancient 
than tliose of the coal formation, and even with a very 
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small number of these. Now, not only is the list of species, 
and even of genera, proiier to these formations, considcrabljr 
increased, but the more ancient depositH arc <]aily increasing 
more and more the number of types to add to our catalogues. 
The Htnitfl, of the devonian system, and those of the 8ilui*ia& 
system, have in then* turn furnished a contingent which con- 
tinually goes on increasing. And if recognisable i*cmalus of 
fishes below tJie inferior Ludlow beds, which form part of the- J 
Silurian system, have not yet been discovered, I do not think 
titat we must thence conclude that fishes do not go back to 
the moat ancient fossiliferoua formations ; for tlieir extra* 
ordinai'y frequency in the devonian strata and their presence, 
which has been well ascertained, in the Silurian deposits, 
where they are, it is true, very ill preserved, sufficiently indi- 
cate that, in ita appearance on the surface of the globe^ this 
class of uiiiuials is contemporary with the development of Uie 
most ancient t\'])ea of all the classes of invertebrate animala. 
With regard tu the period of their first api>earauee, we can 
no longer speak of diflercnces among the classes, but such aA 
are of little importance, in a biological development con- 
sidered as a whole; and it is henceforth demonstrated that 
fishes entered into the plan of the earliest organic combina* 
tions, which have been the point of departure in the develop- i 
ment of all tltc living beings which have peopled our globe mm 
the Bories of time. It follows from this, that the most an- 
cient faunas arc compuscd of representatives of all the classes 
of invertebrate animals, and only one class of vertebrates, 
namely tishcs ; while reptiles, birds, and mammifera. did not 
appear till later, and in succession. There is, then, a remark- 
able and important contrast to be observed between the pro- 
gressive development of vertebrates and that of the rudiata, 
moUusca, and artlculata, in which all the classes arc contem- 
porary, as we have seen above. 

In devoting ourselves in this manner to the study of the 
remains of organized beings imbedded in tho most ancient 
geological fonnations, we revive, as it were, the earliest re- 
presentatives of creation. These fossils, in fact, may be 
called the iirst parents of all the beings that lived aiierwards. 
calling them up bcfure us, we are present, so to sp 
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at the earliettt Hport« of animaln, and at the first bnrstinjf 
forth of vegetutioii ; we behold atirmated nature inHiiing frora 
the hand of the Creator. And if we can hope one day to 
arrive at the knowledge of the general plan of creation, it 
is by attentively inveattjrating even the faintettt appreciable 
relations between ancient species, and by following step by 
step the modiiicutions which organized beingit. viewed as a 
whole, have undergone in all the scries of formations, Irom 
one to another, up to our own times. 

There is one kind of corapurisou which has been too much 
neglected in our attempts to estimate the importance of the 
stages of our globe relatively to the remains of the organized 
beings which they inclose, but which, I am convinced, will 
oDe day exercise a great influence on our manner of regarding 
fossil faunas, by enabling utt to determine the value of tho»e 
assembhiges of strata which have been called terrains or 
geological formations. I allude to the proportions iu which 
we find species of the difierent classes of the animal king- 
dom, in given localities, on the present surface of the globe, 
OF in such or such a group of tbrmatlous. It is evident 
that it is the beings which now live on the cai*th that wc are 
best acipiainted with, and respecting which, as a whole, we 
poasess, in every respect, the most complete and important 
tnfonnation. It is cousefjuently from these beings, or rather 
from the knowledge we posBess of them, that we ought to 
borrow the lerms of comparison for all that relates to the 
distribution of fossils in tlie whole formations. It is true that 
the geographical distribution of living animals is yet but im- 
perfectly known ; it is suificieiitly so, however, to make us 
aware that all the countries of the globe, considered in a 
certain extent, have their particular fatinas, composed of an 
assemblage of peculiar species, mingled with others which 
extend either more to the north or south, east or west ; and 
thaL conaequeutly, each country supports but a Huiall propor- 
tion of the totality of species which people the surface of the 
globe. 

When we wish, therefore, to appreciate the value of the as- 
^nblagcs of fossils which wc discover in a formation, und 
^PBk to determine the numtier of species proper to the geolo- 
■ VQh. XLI. 2rO. bXXXI.— JULY 1846, c 




gical epticb to which they belong, it is not with livin;;; Animalii, 
M A whule, that we ought to comparR tliem, but rather with 
an aAsenililage of specieii liTing within Analogous liniito. aad 
under aiialogouH cniulitions, in tlie exiaUiig creation. An 
example will explain uiy idea mure accurately. If I snnght 
to determine approximatoly the number of fossil species of 
tlie period of the deposition of the chalk or plastic clay, I 
believe that I should chooue a very bwl method of attaining 
my object by computina the lists of fossils of all the geolo- 
gical deposits considered at prenent an belonging to the^ 
geological horizons, and then comparing the anm obtained 
with the sum of living species. We should eei-tainly approach 
much nearer the truth, by studying us complctc^ly as possible 
the fossil funna of some well explored localities, as, for ex- 
ample, the deposits of ehalk around Psri», or tlie plastic olay 
of the Thames basin, and then comparing these lists of fos- 
sils with the living animals of some gulf or some shore in the 
present creation, which shall present most analogy with the 
extent and conditions in which we may suppose these deposits 
to have been formed. We shall thus obtain true tbundations 
to 6x the nnmeric^l relations of the whole of these creations 
compared with the actual creation. 

By following this process, and eoniparing successively the 
ichtfayological faunas of different formations, in which 1 have 
recognized ditferent assemblages of tishes, with the ichthy- 
ological fauna.>4 of tlie present creation, contined to analogous 
limits, i have arriveil at the result (a distressing one for 
the actual st^ito of our paheontological knowledge, if it be 
admitted to be correct), tliat the strata which constitute 
the crust of our globe, cousidei*cd as a whole, ought to con- 
tain at least twenty-five thousand species of fossil iishes. 
Tn this calculation, tho grounds of which I think it unne- 
cessary to specify iu this place. I have carefully taken into 
account the greatest uniformity which ancient contemporary 
faunas present. Similar calculutious, made with the same 
precautions, raise the number of mainmifera we may yet ex- 
pect to discover to about 3000 ; that of reptiles to about 
4000 ; and that of shells to at least 40,000. I am even of 
opinion^ that very few years will elapse before we shall have 
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Required the certaiotv tJiat theiw calnilatinnR are much be- 
low thp reality. With regard to binU, crustaccft, insect*. 
echinodenns, and polypes, particular difticultiee. at tins mo- 
ment stiuid in the way of all kinds of cumparison of this nar 
ture- In relation to foB^il int'uftoria, it would be pi-euiflture 
■i present to make use of the labours of one man, continued 
only for eijirht or nine years, in order to estimate the profu- 
Bion with which aninmloula>, whose ordinary dimensions ne- 
cessarily conceal theiu from our view, are di»Beminat«d 
throagb the strata of the earth, especially now that wo know 
the great matis of these formations to be entirely composed 
of microscopic nnimalculio. Besides, M. Ehrenbergha« suc- 
cessively revealed to us such unexpected facts, that we re- 
quire to ponder them a while before we can appreciate all 
their impoi-tajicc. 

The ichthyolo^cal fauna of the old red sandstone appears 
in such extraordinary and fantastical forms, that the most 
trifling- remains of the beings which lived at that epoch cannot 
fail to arrest the attention of the naturalist. In no other for- 
mation do we find an assciubla^ 4)f fishes deviating so strik- 
ingly from all that we are acquainteil with in our own day. 
The study of no other tauna requires so many years befoi*e 
we become sufliciently familiarised with its types to venlui'C 
to classify them, and fix their relations to those of other crea- 
tions. The difficulties these researches presented were quite 
of a peculiai" nature, for it wua necessary to solve tliem, so to 
speak, without a term of comparison, or at least to have re- 
course to remut<e approximations. In fact, contparisuns with 
the remains of anterior formations would have been impus- 
siWc ; because it is in the old red sandstone that we meet, for 
the first time, with a complete ichthyological fauna. The Silu- 
rian formations, it is true, contain some remains offisbcs ; but 
hitlierto they have been so rare, and the number of species 
BO limited, that it may be safely afhmied that it is only with 
the Devonian formutiou that fishes have really acquired some 
iinjvorlAnce among other fossils, oi", at least, that the part tliey 
performed in nature becomes uppreinahle. Wbat first strikes 
one, on studying the aucient deposits is* that fishes are the 
wiljf repre8entativ<?s of the branch vertebraia wVw\i ex\&VYCv 
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the old Tei\ sAndKtune. or even in the coal formation, infMV 
much that we have a gntn\ right to call the epoch when these 
formatiiiiiii were de|K]Hittid Me rtvyn of fishet. This fact, to 
which I have already often called the attention of paltconto- , 
logiats, is t'oiilinned, in the muHt absolute manner, by all re- ■ 
searches wliich have of lute been undeHaken in reference to ™ 
the foHails of the old red sandRtone. In a few years, the in- 
vestigatJonH of geologists hare increased the number of 
known specicH tenfold; and the zeul with which the study is 
pursued, in the two cuuntricB where this system of strata 
appears in its i^catost development, that is to say. in England 
and Russia, will undoubtedly still lead t-o nuineniua and im- 
portant discoveries. Rut it is easy, even now, to foresee that 
these discoveries will come within the laM's which the species 
already known have revealed to us ; that is, they will be con- 
fined to the class of fishes as regards the vertebrate depart- 
ment ; and that neither reptiles nor mainmifera will be found 
in the strata of the old red sandstone. 

r am well aware that a i*ecent author has imagined that he 
has found bones of all the L-lassea of vertebrata in this fornia- 
tion. But the erroneous determinations on which such cnn- 
cluaions are founded, are easily estimated at their true 
value, and the tortoises, lizai'ds, crocodiles, and pachyderms, 
with which he has chosen t<i people these ancient deposits, 
have successively bten arranged in their proper place; that is, 
in the lowest class of vertebrata, from which a rash hand had 
removed them. In ireatingof the families and species which 
characterize the system in question, I have shewn tlie falsity wL 
of the notion which makes all the classes of vertebrata go ^ 
back to the most remote antiquity ; so that it now remains 
well proved that all we know of the remains of vertebrata in 
the formations anterior to the Zeclistein, belong exclusively 
to the class of fishes. 

I shall not insist further on the importance of t-his fact., 
when it is viewed in relation t4) the organic characters uf the 
creations which have successively peopled the earth. I have 
already laid before the public, through another channel, my 
views on the development which the different creations have 
owdei^ono during the history of our planet. But wh 
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wish to prove in this place, by u eurefiil tlisctmHion of facta, 
i« the truth of the law, now so clearly demonstrahle in the 
eeric-s of vtrtebrnta, that the successive creations have uruler- 
gone phases of developmeut unalugous to those which the 
embryo underf^oes during its gmwth, and similar to the jcrra- 
datioiia which Uic present creation shews ub in the ascending 
series it presents when viewed us a whole. We may at least 
consider it hencefoi-th as proved, that tAe emOri/o of a fi^h 
dwring its development, the cla»s of Ucmg fighes in itn numerous 
famiiies, and Ih^fish type in it» planetary ftistory^ in every re- 
nted go titrough analogoHa phases, throvghoHt which we can 
always tram the sa>n^ creative idea {pena<:e rrralrire), like a 
thread which guides uh everywhere in Mearehiiig uut tlic con- 
ucetion of liviDjO: beings. The consideration that the tiahes of 
the old red sandstone really represent the embryonic a^e of 
the reign of riahes, has even been with me a powerful motive 
to undertake the examination of thene ancient animal rcmaios, 
my first Monograph, forming a continuation of my He- 
hes ; since it was here there existed evident fai"t« txj 
prove the truth of this (^ifat law of the development of ail 
living beings. 

Ix-t U8 first take a rapid glance at the families, the species 
of which 1 have dctorinined. Of these thei'e are at least dvc 
dietiuct ones,— the Cephaluspidcs, the Acanthodians, the Dip- 
teriun Sanroides, tlie Celacauthes, and the Plagiostomes, if so 
be that we may consider this great type as a single family. 
The first four belong to tlie order GonoKdes, and the last to 
that of PlacoVdes. 

The first remark which occurs to the attentive observer is, 
that among the numerous species scattered throughout these 
families, we hare not yet found any tra<;e uf vertebiiK, and, 
in some, only the apophyses to protect the H[)injil marrow and 
the largo vessels, though they were equally depiived of the 
bodies of vertebrte. Assuredly, if these fishes had possessed 
vertebra?, some of them would have been found among the 
numerous remaxus of skeletons which abound in the old red 
Huidstone, in those specimens of the Coccosteus from Ork- 
ney, in whieh the tails are so well preserved with their spiny 
apophyses, their small interapuphysiary \)oue*, w\^ ^\x-\'*.^'4. 
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But there appears no trace of tbem« and even in the specimens 
of the Cocoostoxis rofciTod to, we see dtstiitetly that the apt>- 
phyaes rested ujwn an undivided and continuoas axis. Now 
this incomplete development of the oawoua system of the 
trunk is found amonp: all embryos, and, in partiuutar, among 
those of fishes ; it is likewise foand in the la^t j^radations of 
the rlass of fiahea, anicmp t]ie Cyclostomes. This seneB of ver- 
t«bral bodies, which follow each other throughout the whole 
Icnfi;th of the trunk of vertebrates, is replaced in the inferior 
forms of thJR department, and alwi in enibrvos, by a eylJndri- 
Cttl cord of a gelatinous consistence, which is called the dor- ■ 
sal cord. It is not till some time after the appearance of the ■ 
cord, that the apophvhes and the bodies of the vertebrte are 
developed in embryu. In the BranchiuHtwna (Amph^oxug), 
there is only one cord, without any other piece of skeletjjD. 
as among embryos not far advanced. It is among the 
Cyclofttomes that the formation of apophyses commences, and , 
among the FlagioHtomos that of the bodies of the vertebrae. ■ 
In this respect the fishes of the old red sandstone have re- ^ 
raainedata degree of development altogether embryonic ; for 
they have a cord and apuphysoH, but they have no vertebral 
bodies. 

This diBpoaition of the osseous system of the trunk, almost 
necessarily determines that of another, — the incomplete de- 
Telopment of the cranium. We find, indeed, in the fishes of 
tlie old red sandstone, the exterior bones of the cranium well 
formed ; the jaws, the thoracic girdle, the opercular and 
branchiostegoua bones, and those of the upper part of the 
cranium, are well developed, strong, and evidently of a bony 
structure ; but all that I have observed respecting the forma- 
tion of the head, leads me to think that the internal esse of 
the cranium, that which immediately surrounded the brain, 
was not consolidated, but rather cartilaginous. Wo likewise 
find this structure in embryos, where the protective plat«s 
which cover the top and base of the cranium are developed 
in on insulated manner, while the cranial case is still cartila- 
ginous. The same conformation appears in the stui^con, 
the osteology of which I have described in my lieeherehes mr 
ies PoinsoHs FvBsilei (vol. ii., 2d part, p. 277); and it Is, in fact. 
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with ike latter ihiit yfe can beat rumparc the Htate (if Uie 
skeleton of the cranium in the Hshos of the old red sand- 

BtUlll!. 

TUc osseous and lualltid pintes wliich cover the head of the 
8turg;eou, and whieli are a continuation of the mailed platcf« 
of the neck and aidett, evidently <U) not heloug to the ajuue 
system as tlie froiitule and parietals of ordinary fishes. 
They are cutaneous bones, developed by replacing onUnury 
bones, which are wholly wanting in the g:reat pjLrt of the 
tisbcsof the old rod sandstone, and pnrticularl v in the family of 
the Cephaiaspides, where we find the same arrangement as in 
sturgeons. It would be vain to seek m the oephalar plates 
of a Coccosteus or a Ptcrichtbys, analugucs of the froutals, 
porietals, and nasals^ of our osseous tislics. We find in their 
place only carapaeea, often singularly composed, and which, 
nevertheless, form, by their union, coverings for the cranium 
altogether as complete a« those of ordinary fishes. 

This is the pUoo to notice the extraordinary development 
presented by the cutauouuH system of the fishes of tlie old 
red nandstone. Knormotis bouy plat-cs oftcD cover not only 
the head, but likewise a great port of the body. An entire 
family, that of the Cephaiaspides, has its essential character 
in the cuirass of the trunk, and the scales and plates of the 
greater part of the Oelacoathes of the old red sandstone, 
greatly 4'xceed what we witness in fishes belonging to more 
recent formations. Unfortunat-uly, wc have not yet terms of 
comparison in relation to the fishes of the present creation, 
sufficiently numerous to appreciate the value of these charac- 
tei^ ; because wo are entirely without data respecting the de- 
velopment of scales in general, and partienlarly Umt of the 
scales of the Ganoides ; we hare not even information on the 
embryology of a single cuiras.sc4l fiah of our epoch ; but it 
may be presumed from the c.vtraordinaiy development of the 
eutAneous system in oiu* ancient fishes, that these plates And 
cuirasses are developed at a very early period in the embryos. 

Another fact, from which we may well call the fishes of 
the old red sandstone the embryonic age of Uie reign of fishes, 
is the development of their fins. We know that in all the 

ibryos of fishes hitherto examined, the vcvt\ta.\ fex% 'S^^rm^ 
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from a single fin running along the liinticr part of the* body, 
nearly' like the Kn of an eel. Thi8 continuous Kn undergoes 
a complete tranBformation in eertain pluces: in othera, it 
diaappearH little by little ; an<l where it reinainm stationary, 
the ra^-B are gradually enlarged. Hie spaces which Acpa* 
rate the different tins are, therefore, smaller, and so rondi 
the less utrougly marked tlie younger the ombrj'a ia. To 
such a degree is this the case, that certain tifihes which at a 
later period would possess very distinct tins, have them very 
close to each other at an early age, and snmelinieH scarcely 
separated by a shallow notch. In the fishes of the old red ■ 
sandstone, the vertical fin.s enter completely into tbesc primi- 
tive conditions of development. The whole of the iniportaut 
family of Sauro'ides, which at a later period appear provided 
witl\ well separated and insulated fins, is represented in tlie 
old i*ed sandstone only by the Dtpterians, which are all pro- 
vided with two anals and two dorsals, very near each other, 
and but a short way fn)m the caudal. In the Celoeanthcit of 
the old red sandstone, we likewise find mnny genera, a« the 
Glyptolepis, and probably also the Platygimthes, winch had 
double vertical fins, and so closely placed that there WM 
scarcely an intermediate .npnce between them. Even among 
the Acanthodians there is one genus, that of the Diplacanthes, 
which is furnished with double vertical fins. It is true that 
titis arrangement does not occur in all the genera, but it is 
at the same time curious that the families which are destined 
to run through a long series of fonnations, such as the 
Sauroides and Celacanthes, commence with forms having 
double fins, thus approaching the embryonic type. 

The fact, that among all the fishes of the old red sandstone 
whioh possess a caudal, that fin is composed of unequal lobes, 
and inserted on an elevated extremity of the dorsal cord, is 
another point of approximation to the embryo of ordinary 
fishes. We know that, in the latter, the extremity of the 
tail begins to rise upwards at a certain period of life, ap- 
proaching in this to the disposition observed in the sturgeon, 
and that at this epoch the caudal of the embryo in As^r»- 
eerytie. On the other hand, 1 have often called the attention 
of natm'alists to a fact in evei7 respect similar, which appears 
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BO BtrikJDgly in the geological series : namely, tbut all tlie 
fishes belonging to formations more ancient than that of the 
Jam, bave the extremity of tlie cau<lul raised, unil Uie caudal 
itself heterocerque. 

There is, lastly, another point to which I would solicit the 
attention uf naturalists ; that is, the form uf the head and 
position of the mouth and eyes in fishes of the old red sand- 
■tone. All, without exception, have the heail large and 
flattened, rouiidcd, and as it were truncated, similar to that 
of a Lotta or Silurus. This character prt'])undet*ates to such 
a degree, th&tit ia very rare to see a fish of the old red sand- 
stone which presents the head in profile ; in the maJoriQ^ 
of cases, it rtstji <in the npppr or lower surface, even when 
the body is lying in such a manner as to present one of the 
aides. The mouth of the greater pai-t of the genera is widely 
open, semicircular, placed either at the extremity of the 
rounded head, or even under it. The eyes, in the majority 
of the genera, are widely apart, and thrown to the flatteued 
sides of the head, in such a way that it is often very difiicult 
to determine their position. Analogous forms are found in 
emlH^'ua. Even among fishes which, at a later period, are dis- 
tinguished by a long snout in the form of a beak, the embryos 
have at first a broad rounded head, ti-unrated in front, witJi 
the mouth below, and the eyes lateral, and it is nut till later 
that the jawa become elongated and pi-ojeet before the eyes, 
forming at last n head of an cntirt-ly dii^'erent form from 
what it exhibited at first. 

I Itelievc tiiat it would not be easy to find more numerous 
approximations between the embryos of our fishes and fosatl 
fishes, since no part of their bodies is preserved to us but 
the osseous system which alone has furnished all these analo- 
gies ; and 1 think observers will generally agi'oc with me 
when I affirm that the fialies of the old red sandstone represent^ 
in the tchvle of their particular gtructure, the evtbrtfimic age of 
the reign of fishes. In no instance, in fact, in any other forma- 
tion, do we find so great a number uf fishes in which the 
internal skeleton is so imperfectly developed, and so inferior 
to the cutaneous system ; nowhere else do we find the great 
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majoKt)' of fishes having the embryonic forms of ilie tna an 
of the- head Bu strongly marked. 

These facU evidently ati'gi-d us the key to the r«uik whicb 
these faaiilies ought to occupy in un ichthyological system, and 
a jiidiciouM application of embryology to the clasftiticAtion of 
an'mmlii, caiiiiot fail to be attended with the morit beneficial 
reoults, in bringing our zoological syatemn to perfection. If, 
indeed, aft<cr having pointed out the anatoniic&l affinities of 
the fishes of the old red sandstone, we then examine ihi 
zoological relationit in which they are found in regard to tha 
aucceudiug creations, we perceive, that of the five familiei 
occurrinjo; in the old red sandstone, there is one, that of th 
Ceplmlaspidea, which is wholly confined to that formation 
tliat there la another, the Saurotdes, which is represented 
only by a particuhir group, tlie Diptcrians, likewise limited 
to the old red ; Uiat a thii'd, that of the Acanthodians, is not 
continuetl beyond tlie coal tbrmatiun, and that only the 
Celacanthea and tiie Cestraciontes reach more recent forma 
tions. 

Of all these families, it ia likewise that of the VephalaspitUt 
which recedes most from the ordinary forms of other fiahesi 
to such a degree that one might easily, at the time of their 
first discovery, misunderatand their nature, and take them for i 
animals belonging to other classes of the animal kingdom, ^(fl 
is in this family that we have found the type of fishes with " 
winged appcnihigcs, represented by the genera Ptcrichthys, 
Pomphractus, and Polyphroctus, which, owing t^ the cniraav 
of their bodies, formed of many pieces closely soldered, and 
from their pectoral fins behig transformed into recurved 
stylets, have passed sometimes for tortoises, sometimes for 
enormous aquatic Coleoptcra. It is among the Cephalaspides 
that we }iave found the curious genus Ceplmlaspis. whose 
broad ceplmlar shield, with two eyes almost nnit-ed in a 
single orbit, had caused it be taken for a crustacean allied to 
the Xiimula- or Trilobites, before becoming ucqoaintcd with 
ita scaly body and tail provided with vertical fins ; it is among 
the Cephalaspides, finally, that we must pla^e the CocccMtei, 
with the'u' powerful cuirass and long flexible tail, which must 
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kre given them the strangest aspect imaginable, and have 
cansbtl them succesHively tn be Uken for fossi) TrionyceB and 
f(MS«il Ruys. I have already* spukun, in treating ofthiti family, 
of the affinities, remote it is true, whicb it presents to tlie 
cttirusMecl fishes uf our epoch. t}ie Liorieartas and Silurtiides. 
2 have notiiing further to add on this Huhjeet; but what I 
kbould wish to puint out, is the ti-uth uf this fact, that the 
different genera of the Cephalaspidcs already Rhow a grada- 
tion, although faintly marked, in their conformation becoming 
VDore a>uil more perfect. It is thus that, on the one hand, 
the winged appendages of the Pteriehthys and X^amphractns 
are lost in the Coccostei and Cephalaspis, where they are 
replaced by ordinary iius ; while, on the other hand, tJiere is 
an evident approximation between the Coccostei and the 
■Ufiadly cuiraflsed genera of the family of Cclacanthes, suck 
HR&Btei'olepis and iiothriolepia. The thick and short form 
pf the Pteriehthys, and the very incomplete development of 
Iheir fina, evidently shew that tJiey were fishes of little 
Agility, living in shuats in mud, moving sluggishly and des- 
tined to become the pi-ey of others. Among the Cephalas- 
pidea, the broad shield with which they are covered, and 
their eyes situate on the upper side, indicate the sjinie mode 
of life ; but in tliem the trunk becomes more moveable, and 
the tail, the most powerful instrument of motion, is furnished 
with fins, and becomes fit to exeente the most ra^^id motions. 
The Coccostei, finally, were evidently, even at this step in 
the gradation, voracious fishes, as is shewn by their conical 
aharp teeth, nnd their long fiat and flexible t:iil. There la. 
Do donbt, a wide inter\*al between this and the formidable 
armature of the Botliriolepis, and the needle-like teeth of 
Uie Dendrodcs (Asterolepis) ; but it will be admitlud that 
there is an advance towards the rapacious character in the 
family of Cephalaspides, and if we join to this the structure 
of tiie plates, the resemblance of the granulated Bcattered 
»oint« of the Coccostei to the asterisks of the plates of Astcro- 
epia, we will soon be convinced that it is not necessary to 
take a long step to advauec from the Coccostei to the cuir- 
ftMed Celacanthes. This re<:emb1ance will be much greater 
•till if ulterior i*esearelie» pi-uve that the mailed Celacanthea 



44 ^^^^V Vipttriatta. 

had not true sculeH imbnt-Ated on the body, but only Urge 
plat«s covering ttie bend and nape. There U mithing liitlierto 
it is true, to pi*ove this supposition, but the fiict is neverthe 
less curious, that along with the great (joantity of large 
slabs of AstoiHilepis and Buthrinlepis which clinracterizt) 
cert^n furuiatious, we have never found ii-ue scales which 
caD be assigned to thcui. I point out this fact to the atten- 
tion of geologists ; for nothing is often more instructive than 
the mode iu wliich fossiU are associated, particularly when 
the remains belong to animals whose size and the softness 
of the skeleton have prevented them being preserved entire. 
But it is necessary to employ the greatest circuiiiBpection in 
appi'Opriatious of this nature before drawing conclusions from 
them: for too frequently these results are transmitted from 
one author to another, and sutnetimes still continue to pass 
for truUiH, when the state of the facts has been modifie 
The beds of the old red sandstone, it is true, are not ve 
favourable to researches of this nature, for the fossils not 
foruiiug in them the nuclei of roundod masses, the remains- 
are dispersed nnd mingled in such a uianucr, that we often 
find in tiie same morsel of indurated matter the remains uf 
manv genera entirely differt-nt. 

The family of the Dipierians, like that of the Cephalflspi** 
des, is entirely oon6ned to the strata of the old red sandstone. 
Here tlie affinities to the Sauroides are so evident, that I 
have thought it nece:«sary to give up the opinion to which 1 J 
for some time adhered, of regarding them as a sepamt^fl 
family. The scales are the same, and the teeth approximate 
in every respect, in the genera Osteolepis and Diploi>teru8, to 
the eminently rurnivorous type of the Sauroides with insu- 
lated incisive teeth. 1 have pi'ovisionaUy placed in this 
family tJie genus Cilyptopomcs, which, in tlie sculpture of its 
scales, makes a near approach to the I'latygnathea of the 
family Cclacanthes, but recedes from it, on the other hand) 
in the form and lUTangemcnt of its scales, wliicli are evi- 
dently only in juxtaposition ajid cut lozenge-ehape. It would 
be very interesting to know how the position of this genus 
will be ultimately fixed ; whetlier it he necessary, from the 
arrangement of its Hns, to place it definitively among the 
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Diptcnann, or ratlver, whether tt intlicate, by it* simple finn, 
tlie first: dpj]frpe of approach to the type of the Saumides pro- 
I>erly so called. In the latter case, wc should have, in the 
Sauroides of tlie old red sandstone, a gradation similar to 
Ihftt whinh exiHtH in the Cophalaspides. 

The AcmUhodiaiM embrace in their historj' only two for- 
mAtJonB, tlie old red sandHtone and the coal meaRures ; more 
recent formations furnish no traces of thera. This also is a 
very particular type, in no manner connected with the other 
families of the GanoJdes. It is true that the finnn of the body 
does not deviate from those with %vhich we are familiar, but 
the manner in which their boiJies are covered certainly pre- 
sents a very decided character. Those small rhomboidal 
Beolcs, scarcely visible, which make the skin look like sha- 
preen, have nothinj* like them in the whole class of tiRhes ; 
for the shagreen of the Plagiostomes is fonncd of entirely dif- 
ferent elements. It may be remarked that in general the 
anoraalons types, whicli deviate moat from the normal types. 
are also uf ver}' brief duration, and continue only during one 
or two epochs of tlie history of the earth, after which they 
terminate, without our remarking aftemvards the types which 
may be reganled as those that have replaced them. Tliis is 
likewise the case with the Cephal asp ides. It is the same 
with the Acanlbodians. In the fusiform Ganofdes of more 
recent eporbs we find neither scales in the form of shagreen, 
nor large spines, in the farm of prickles, which stand erect 
upon the fins. This tj'pe becomes entirely extinct with the 
coal formation. 

Of all the Gano'i'des of the old red sandstone, the Celaean,- 
tAet are the only ones which have a lengthened history ; for 
they continue &a far as the chalk foimations, whore they ter- 
minate in the genus Macropoma. I liave already shewn, in 
treating «f this family, what ditficulties we have tn encounter 
when we wish to limit it rigorously, and assign to it definite 
pfaaracters, and how probable it is that it will tdtimately be 
divide<l into many tlistinct families. liut, apart from these 
considerations, which ore not yet founded on fact* sufficient- 
ly namerous, it is certainly in the old red sandstone that the 
fiunilj of the Celacanthes acquires the most considerable dc- 
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Telopmenl, and it is only bydirainishinit; in r11 dtrection»tfa 
it nt last I'eacheH its point of extinction in the chalk. If 
wish to represent it ^jrapliically. it mfty be regnHed ns* n cnwel 
with a broad base^ the summit of n-htrh is formed hy the 
genus Macropoma. while at the baae are found the Holoptj- 
chiuR, Phyllolepis, GIj'ptolepis.PIatygnathes.UendrtMlus.Ijwt 
noduH, Cricodus, AsteroleplH, BothrioleiJis, Psammostcus, &c, 
of the Devonian aysteni ; all as remarkable by their stm 
as by the numerous individnalR who^o remains are every' 
where found in thia formation. Indeed, if there be one t'l 
that cAn prove how far it is time that ancient strata enc! 
types in jEfeneral leas different than thoHe of the present cr 
tion, but, by way of recompense, an infinitely greater num- 
Iwr of individuals, it is surely this, that there are strata of 
old red sandstone, particularly in Russia, which are notbing 
else than true breccias, almost solely composed of scales and 
plates of Asterolopis or Bothriolopis. If the Ptericbthy 
are so abundant in the nodules of Lethen-Bar that tbey 
collected in curtfuls. there is in this nothing surpnsinw. b 
canse they were small fishes, living probably in shoals in lb 
mud, feeding, from all that we can gather from what i 
known of their organixation. un shell-less nioUuscs, venneH,' 
and other unprotected animals. Bat whi?n we remem 
that the Bothriolepis and Aalerolepia were fislies of very oon 
siderable size, eminently rapacious, and feeding, to judge' 
from tlieir dentition, on living prey, we will consider it very 
surjji'isinjf that these voracious species, whose anuloguos 
our own day are always fo\ind widely scattered, should be 
assembled in such great numbers as is the ca«e in certain 
localities. 

What is very curious in the Celacanthea of the old red 
sandstone is, that we already encounter in it« numeron* 
genera many pretty distinct types. These are, on the ono 
hand, the Glyptolepis, which, by their double fins, make w 
near an approach to the Bipteriftn Sauroides that one mw 
believe in a certain parallelism between the two families 
on the other hand, the Asterolepis (Dendrodus), the Bothri<>- 
lepis, and the Psammosteus, the characteristic scales 
which have not yet been found, but which were provided 
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broftd cutaneous p1at«B, nnd which in their dentition nearly 
approach the true type of the family of Cel«<*ani]ips. that its 
to aay, of that of Holoptychius, Platygnathes, and Phyllole- 
pis. The spficies of tliese two fpwups were evidently the 
abaolnt-e Roverei^n nf the seajt which they inhabited ; the 
gigantic dimensions of the bodies uf sume of them and their 
sbarp catling teeth gave them, there con be no doubt, an in- 
diRpatablp auperiority. Already in the following strata, in 
t)ie coal formation^ these tyrants uf the primitive ocean are 
aecompnniod by true Saupoides of remarkable size, the Me- 
galiehthya, for example, as well aa others, althonfj^h the Ho- 
loptychius, Phyllolepis, &e., still exist alou^ with them ; in 
the succeeding formations, however, the Sauru'ides evidently 
take the l«ad. The dentition of the Celacanthes of the old 
red sandstone is very remarkable ; all these ^^heo, aava 
OU-ptolepis, which likewise form a distinct group by their 
fioH. have needle-sh^kped. insulated teeth, placet! at distances, 
and formed of folded deniine ; and in no other group of the 
animal kingdom does this folding of the dentine go ao far as 
amung our Celacanthes ; witness the genera Dendrodua^ 
Lftmnodus, &c. 

The I'lneoides of the old red aandstono are not yet suffi- 
ciently known, in their organization, to enable na at present 
to fix their relations to those of the fotlowing formationa and 
io thoae of the present creation. The fact which has struck 
m« most, in regard to them, is the small size of the IchtM'O- 
domlitoH of this formation compared with those of the coal 
epoch and nf the lias; and, nn the other hand, the raritv nf 
the toetli of these animals, relatively to the abundance of 
their spiny rays, the very reverse of what we witness in the 
creiaoeons and tertiaiy formjitions, as well as among living 
species. I *:ouclude from this, that, in the early times of the 
development of life, it was not so much the i'lacoi'dos a« cer- 
tain Ganoidea, Celacanthes, and Saurotdes in particular, 
which were tiie terror of the seas, and which travrrse*! it 
ererywhere as masters, like the sharks of our own days, 
nnder all latitudes. The approximations I have afterwards 
noide between the Plaooi Jgs of the old red sandstone and the 
sharks of the Mediterranean shew, that, in their numbers aad 
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dirersity, the fussil species of this fonnation are in nothii 
inferior to that of a very extensive fauna belonging to tin 
actual ercatiun. 

From the whole of the facts above noticed, it appears 
me to follow, that not only do the tishes of the old red sane 
stone constitute a distinct fauna, independent of those belong- 
ing to other formatious, but that they also j)rcsent^ in theii 
organ iisation. the most remarkable analogy to the earliest 
phages of the embrynnic development of the orbcour fishes of 
our own epoch, and a not less ohviiius paralielinn) with the 
lower degrees of certain typos of the cla«s, as they now exist 
on the surface of the globe. What ift most cnrious in these 
connections is. that it is not with the corresponding ty{H)8 (^^ 
the actual creation that these ancient fishes can be oon^ 
sidered as parallel ; for example, the osseous fiflhes of that 
period had nothing in cnmmon with the osseous fishes of tJiis 
perio<i, nor did the I'lacoides of the most ancient formations , 
in general resemble tliose of the present creation. Neiljiie^l 
do the Ganoides exhibit more than remote resemblances to , 
the cxistiog Ganoide» ; but these same Ganoides appn>ach, in 
a multitude of characters, the IMacoides of our own period^ 
and even the inferior types of this order. And yet, along 
with thiti;. they have also certain relations to reptiles, al 
thouglt this class of animals did not actually appear U 
later. These relations I would call prospective analogies, so 
frequent is it to meet with prophetic resemblances, in the 
series of formations, among types succeeding each other, and 
which, after having far a long time presented the combtnod 
characters of many groups, do nut become distinct till a laier^ 
period. These facta appear to me deserving of our most se-W 
rious attention ; for they shew ns, alwaj'S with increasing ur- 
gency, the nRcea.iity of renouncing serial classifications, in 
order to express the real relations of living beings. If, in effect^ 
the most ancient fossil fishes of the order Ganoides shew strik- 
ing resemblances to the Cyclost«nies and Plagiostomes of 
onr era — if these same Ganoides have, besides, certain analo- 
gies to reptiles, and, in paHicular, to the Lab^'rinthodontea 
— if these relations disappear in more recent eras — if tiieae 
families themselves become progressively extinct and are 
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replaced by others — can it ever be possible to eipress all 
these relations by a Itueur arrangement in oiir zoological 
systems? And. if what I have remarked in regai-d to fishes 
be equally true in respect to all the classes of the animal 
kin|?dom, ought we not eagerly to borrow from embryology 
and paJEEoutology all the information they can furnish, in 
order to enable us to appreciate more correctly the whole of 
relations so varied, which connect all created beings with 
each other ! 

Far from believing that this object can be completely at- 
tained at present; I leave, in the mean lime, those questions 
regarding system, the solution of which will no doubt require 
immenae labour, to confine myself to the consideration of 
this assemblage of fossil fishes, which constitute one of the 
roost interesting parts of the fauna of the old red sandstone, 
iu a last point of view, that in to say, as a simple group of 
diverse, but contemporary, species. Viewing it in this man- 
ner, apart from all systematic considerations, we are never- 
theless struck with the great diversity which the species 
really present. W\w would have exi>ected that we should 
ever find, in spaces so limited us those which have hitherto 
been explored, above a hundred species of fossil fishes, in 
the devonian system alone, that is to say, in a stage of our 
formations wluch was believed, a few years ago. to be con- 
fined to the British ishinds, and to which in consequence only 
u local value was assigned 1 And yet, all other things re- 
maining equal, the ichthyological fauna which this formation 
contaius, is as considerable as that which inhabits the coasts 
of Europe ; and, even although the species of the old red 
sandstone do not belong to so great a number of families aa 
the living species, they are not less varied in their forms and 
general aspect, nor less curious in their external characters 
and organization, nor less different from each other in size 
and tiic degree of locomotive power with which they were 
doabtlesB endowed,* 
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Oh the Cla»»ification of BirdSy and particuiariy of the Oenxra 
of European Birds. By JoHN HoGG, Esq., M.A., FJL&j 
F.L.S., &c. CommuDicated by the Author. 

The priucipal part of this paper was originally incor- 
porated in my "Catalogue of Birds, observed in Sonth- 
Eastem Durham, and in North-Weatern Cleveland," which 
1 read before the zoological section of the Btitish Associa* 
tion for tlie advancement of Science, at York, on the 26th 
September 1844 ; but, being deairous of extending the cla«- 
Rification therein proposed, 1 thought it advisable to delay 
the publication of thia part, until another opportunity had 
permitted me to examine tlie noble collection of birds in tlie 
British Museum, for tlie purpose of rendering it as perfecfl 
aa my leisure would allow. That catalogue, exclusive of any 
remarks on arrangement, has already appeared in the 
*' Zoologist" for August, October, November, and December, 
1845. Now, with regard to the classification adopted for the 
same catalogue, and of which a sketch is published in the 
'* Report of the fourteenth meeting of the iJritish Associa- 
tion," it is here recesaary to ent«r into some short explana- 
tion. ^ 

On forming that catalogue, I, in a great degree, fullowe^^ 
Mr YarreWs arrangement and nomenclature. Although I 
principally adopted the former, with cei-tain exceptions, for 
the land-birds ; yet, for the water-birds, I made considerable 
alterations, and chiefly assumed CwiiVrV classification. Har- 
ing twenty years ago written a *' catalogue of moat of the 
birds which are known to frequent the counti*y near Stock- 
ton,'' that was afterwards published in the appendix to] 
Brewitfer'it "TrilsUiry of Stockton -upon-Tees," I chose for it the] 
Cuvieriari system, which had then been given to the worle 
only seven years before in the Jiraf edition of the " fU^w 
Animal." Being still much prejudiced in favonr of that na- 
tural arrangement (which 1 believe I was one of the first 
to adopt in tliis country), it appeared to me to be more ad- 
visable to I incorporate it in my recent Memoir with that 
classification subsequently instituted by some of our English 
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ornithologiBts, — makiug, at the same tiui?, certain modifica- 
tions in both,— than to use the latter alone, as Mr Varrell 
bud done. For, I must confeHH that it struck ine as very 
uiomalous to select Cueie/t Dentirostres, Couirostres, and 
Fissiroatfea, and then tu reject, without any Bui)icient reason, 
the equally natural gruupH of hia LongiroHirect, Cultrirostres, 
LauieUirostrcs, &e., as those distinguished authors thought 
proper to do. Also, I introduced three families, namely, 
Upupldse, KLCurvirostridffi, aud Proctllariada, from the 
" New Systematic Airangemeiit of Vertebrated Animals,** by 
C X. Bonapaite (the Pi-ince of Mueiffnano, now of Canind), 
published in the Transactions of the Linneaii Society, 
vol. x%iu., 1840. 

There are likewise several new tribes that 1 myself charac- 
terised from variations iu the strucrtm-e or form of the hill, 
and flo tending to complete, in the steps of Linnwwit a Ros- 
tral classification. And it ueemed to me quite clear, that not 
ynly enrii was the view of the illustrious Swede, as a rufer- 
euce to the " Systema Naturaj" will shew ; hut, also, that the 
Ml generally presents the most obvious and natural charac- 
ters for the chief an-angement of birds. Thus, in continu- 
ance of this plan, and in its extension tu the y^nera of the 
birds which have been discovered iu Europe, I have uni- 
formly taken the characters of all the tribas from those of the 
Ult i whilst those of the feet and tens present the di»titictiuua 
of tlie subclasses, of the orders, and likewise of many of the 
subtribcs. Further and more careful examinations of cer- 
tain birds have induced me to make some alterations In my 
classification, as published in the beforementioued report of 
the British Association, and my " Catalogiie of Birds, ob- 
served in South-Eastcrn Durham, and in North-Westem 
Cleveland; with an aJ^pendix, cont^iining the classification 
and nomenclature of all the species included therein.'" hon- 
don, 1845. 

Moreover, I have onJtted to give the aub/amilieg, because 
1 am at present inclined to consider them as superfluous, and 
&i unnecessarily lengthening the classification ; but those 
omithologists who differ from me, can readily insert them 
ia tlieir proper place!>. 1 have paid some attention to the 
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selection vA the gent>ra, and have boen obliged, in order to do 
awuv with the inc-onveuieute of anbget^ra^ to increase tlufl 
number of tlie t/enera themselvc!) ; although 1 truMt this ha^^ 
only been done where real and sufficient diffei*ences hare 
couHrmcd such a necessity. But 1 must observe that a grea( 
many of the new genera, constituted by Messrs C. L. Bona- 
parte find G. P. Gray, appear to be unnecessary, ajid depend- i 
ing on far too minute diatiuctious. The former author, iflfl 
his '* Geogrftphical and Comparative List of the Birds ox 
Euroi)e and oS'orth America," Edit. 1838, makes the genera 
then found in Europe to amount to the vast number of 246 ; 
but, in his later Memoir, '* Catalogo Metodico degli UccelU 
Eurnppi," published in tlie *' Nuovi Annalidelle Scienze Na- 
ttiruli di Bologna, Anno 1842," he has injudiciously increased 
this number to 2G5. Mr GoulJ, in his splendid work on the 
" Birds of Europe," gives only 168 genera ; whilst M. Tern- 
minck in his second edition, with the supplementary parts, of 
" Manuel d'Omithulugie,''* comprises all the European spe-J 
cies in 97 genera ; and 113 are the total number of genera 
mentioned in M. H. SckhgeVs " Kevue Critique des Oiaewax 
d'Europe." Leide, 1S44. M 

Now, the entire number of genera, as selected by myself, 
for the birds of Europe, will be seen to be 205. Again, the 
Pi*ince of Canino, iu addition to his immense number of ge-fl 
nera, has included in his very recent '•' Methodical Cata- 
logue," many suiigcnsra; to tlie latter, in truth, I cannot 
help expressing an insuperable objection, because by a fre- 
quent introduction of subgenera^ a universal departure fi-om 
the vast utility experienced in the Binomial method would ■ 
soon take place, and which, in time, would most assuredly be f 
followed by tho intrusion of giib»pecieg (as has already been 
effected by .1/. BreJtm), antl even of snbvarietiex. 

In the classillcation of birds, the maxim — " Exceptio pro- 
Uit regulam." certainly prevails to a great extent; for there 
IB scarcely a divinion, a tribe, or a family, in which some 
bird does not occur that departs from the regular ur normal 
fortn of that division, and becomes in one or more of its cha- 
racters an exception to, or assumes some irregularitg, or wan- 
dering from the rest, and so constitutes what is usually termeii. 
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an " afjerranr form. Hence arises the cspcciAl difficnliy of 
classifving birds with such corrertnes*}* and minute accuracy, 
M every careful ornithologist, wouhl desire to do. So then, 
in my present arrangement. I earnestly hope that the zoolo- 
gist, after making due allowance for certain rrrnptions or 
aberrant forms, will find tho general divisions find leading 
characters of the tribes, siibtrihes, und other sections, not 
hastily designed, but uniformly carried out with n sufficient 
degree of exnctness nnd rcgnlnritv for all practical purposes, 
and in strict conformity with Nature. 

The following is a S^nopstg of my classihcation : — 



Ci-Ass II.— AVES. 

SpicLAMl.— AVES COXSTRIC- 
TIPEDES. 

rtVJ8)0K T. TfRBEBTBES. 

Ordbk T. Raptohrr. 

Trtbc I. Plan ice rirost res. 

Suhtribi 1. Diiirni. 

Family I. Sapcor8ii:phirliB. 

GcrtHS. Neophnm. 

Fatnihf 2. Vulturldai. 

Qentra. Gypi, VuUur.* 

Family it. Gypartidw. 

Omiim GypaHtvfi. 

Family 4. Aquilitin?. 

0*Mra. Ilaliactus, Aqailft, Fan- 

diun, Circ^ettiv. 

Family ^. Falconi(3«. 

Otiitta. Falcn, A<!cipiter, Astnr, 

MilvuB, Nttiirlfnis, Elanut. 

Family ti. Buteoijidffi. 

(ifnera. But^o. Pernis, Circw, 

Tribe 11. TecUcerirostrei. 

SiihU'ihi 2. Xoctiirni. 

FamHy 1. SlriRidie. 

Otnfra. Suniia. Nyetea, Strix, 

Uiuttx, yjTniuiii. Alheiie. 

Family 2. ISiihoniflaj. 

Gtiispa, Baho, Otus, Scops. 



Ordrh H. Prchen*orct. 
Trih*.. UotiiTidiro«tr6B. 

SuhtriheX LR-vUiii^ea. 
Families 1. PWctalophidit*. 2. 
Psittavidre. 3. Macr«c*rcid«. 
4, Pezoponflro. .'i. I'oittjiciilida!. 
b'xibtrib'' 3. Hirtiliaj^ea. 

Family 6. Loriudns. 

Siihtriie 3. 'fubiUnffuai. 

Fantily 7. MicrogloBsidat, 

ObPKR III. l»EIK8gORE8. 

Tribf. I. Curvimstre*. 

Bvbtribe 1. Scransoret. 

Family. Cuoiilidti.-. 

O0nsra. Cuculua, Oxylophui, C«- 

CfZUS. 

Tribtf n. CtineiroatT«a- 

Family 1. Ptcidie. 

G^tera. Dryotomiin, Piniw, Jym, 

Family 'J. Apternids 

Ueniis. Aftcniv*. 

Fa.milij 3. Sitlidae, 

Oinui Sitta. 

TViTw III. Conirostrci. 

Subtribe 'J. Claniatoraii. 

Family I. Coraiiiadida!. 

Gentu. Coracias. 

Family 9. Corvidee. 

Ucnera. GarruluB,Pic*a, Xiicifraga, 

Cor»u8, PyrrfiocQiviv, FregUus. 

Subtribe 3. Cantatores. 

Family 3. Sturnidie. 

Oenera. Stumus, Pastor, AgeUitu, 
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Fatuity 4. Loxiadn. 

0ffMra. Loxia.PyTThulE,Corjthiij. 

JSrylhrMpizo; Cw-coUirauste*. 

Family 5. FrmgWlidK. 

Oenera. Petmnia. Paftser. Linola, 

Smnii«, Canluelu, FrtiigiU&. 

Fanuly (i. KmiicrizidiG. 

Omfro. Emberizs, Plot-trophuiu. 

Family 7. Alautlidw. 

0«i«ra. Phileromua, Alauda, G»- 

lorldii. 

Tribe V/. Dcntiro*lre«. 

FanUly I. AnthidsB. 

OtHVra. Certfiitaitdd-, Anthus. 

FaTniltf 2. MotocUlidaj. 

Oerura. Budytes, Motacilla. 

Family 3. Puridae. 

Omanx. jS^ithalut, CaUmophilus, 

Mecisturu, Parus. 

Family 4. Acdonitl*. 

G«n«ra. Rei^uB, Mt:IizopliUu», 

Sylvia, CoiTuoa, Addon, SaUcaria, 

Acoentor, Calliope. 

Family 5. SaKicolidED. 

Otnera. Pticenicaru, Erithacus, 

Soxicola, Vltiflora. 

Family 6. AmpelididsB. 

1?i?tiiu. Bomhycilla. 

Family 7. Merulid?E. 

Oftura. Oriolitsi, Ucematoniia, 

Tardus, Petrocincla, Memla, Cin- 

olas. 

Subtr&is. 4. I-atrono*. 

Family 8. Laiiiadn!. 

Genera. Lanius, CoEurio. 

Family Q. Aluscicapidfe. 

Qcnut, MufifficfljMi. 

Trift* V. Tenuirostres. 

Subtribe 5. AnisodttAtyli. 

Family 1. Certhiadai. 

©•ntfni. TroglodytoB, Ctirtbia, 

Tichadiimui. 

Family 2. Upupidai. 

Genu*, llpupa. 

Trflw VI. FiesiroBtree. 

Subtree 3. RjndactyU. 

Family 1. HalcyooidB. 

Qinus. Alcedo. 
Family 2. Heropidae. 

O^nuf. Mernps. 

iSufcfrilM 7. AJiodsctyli. 

FaTnily 3. HirundinidK. 



0«ti«rH. Cypwlus.Pro!gne,Hinin( 

Cbelidon. 

Family 4. Caprininliodap. 

Cfenera. CapriinuI^UB, Seotomi». 

Trilfc VII, Culinnrirostros. 

Sabtribe 8. Gjralore*. 

Family. Columhids;. 

Gerura. Columbs, Turtur, Bcto- 

putes. 

Subclass II.-AVES INOON- 
STUICTIPEDEa. 

OtlDKH IV. RaSORRS. 

Tribe. Convex irostiea. 
Subtribc I, Podaroee*. 
Family 1. Phaiuuiidi 

(?-^i»w*. PhasianuB. 
Family 2. Tetmonids. 
Qtnera. Tetrao, Lagopus. 
Family S. PteroclidVi 

Qenut. Ptfrocltt. 

F^twiily 4. Perdicidffi. 

Cfm«ra. Francolinut, Perdix, Ol 

tyx, Cotiimix. 

Famiiy 5. HcmipodiulaB. 

Gtsntu. Hemipodiiu. 

S%^trib€ 2. PodenemL 

Family G. Otidide. 

Genus. Otis. 

DivisiosII. Aquatic*. 

Oedrr V. Grallatokbb. 

Tribe I. Preosirostru. 

Suhtribe 1. Cunores. 

Family 1. Cbaradriadn. 

Omera. ffidicneroug, Cunoriiu, 

Charsdrius, Hoplopttmu. 

Family 2. Vanellida. 

GnwjM. Sq^natarolo, VancUus, Gl* 

reola, Strops Qas. 

Fatuity 3. Hnnmatopodidffi. 

Ucn\i$. Hn'inatopiifi. 

Tribe II. CtillrirvBtree. 

Subtribe 2. Ambulatorei, 

Family 1. Gruids. 

Oeiwra. BaUarica, Anthranoid^ 

Gru.. 

Family 2. Ardeidae. 

Oettera. Ciconis, Ardea. Atdao 

Erogaa, Nycticorax. 

JVflifl IJI. PyxidipcwtrGt. 

Family, Phnniooptertdx. 
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,' QwwM. Fftirnicopterut. 


Family 3. Ftiligulide. ^^^| 


TrO>e TV. SpatliulirMtrei. 


Genera. Clangnla, ITtuiifia, ^^^M 


Familji. PJa1aleid«. 


Harelda, FuUgtiln, CEderai^ ^^H 


GtiMU. Platalca. 


Somateria. ^^^| 


TnlwY. LonRirostre*. 


Trib6 II. S(-rrirwtre«. ^^H 


Family 1. Tantalida-. 


Family I. Mergidie. ^^^B 


Oenvrtx. Tantalm, Ibw. 


Oenerti. Merga», McrKaiiBcr H 


FamU^ 2. Re<\nrviTootrlAK. 


Subtrihe 3. 'I'otiiwlmie. ^^^| 


Oeniu, Rc-ciirvirostra 


Family 2. Fregatido:. ^^^| 


^^^L Famtiy li, Nuuieiiiadn, 


Omiiu Fivgata. ^^^M 


^^^P'GMwrd. Tcrekia, Liinois, 


Family 3. Carbonid^. ^^H 


NnnieniuB. 


Chnira. Carbn, Snla. ^^^H 


FamU*/ 4. ScolopibcidtB. 


Tr^ in. Saoctilirostn:*. ^^^H 


Oat«ra. Totaiius, Jlaoliotta, Rus- 


Family Pelecanidie. ^^^H 


licola, Scolopax, Mocmrham- 


O'Huf Pelecamu. ^^^M 


phtis, EroUa, Triiigu. 


Trib« IV. Tabinarirostroft. ^^^| 


Family 5. Phalajopodidw. 


Subtrib« 4. LongipeDOfi*. ^^^| 


OetifTa. PImluro[>UB, Lybipes. 


Family. Propcllariiidn;. ^M 


Family 6. Calidrida-. 


Otnera. Diomedea, ProoeUaria, ^^H 


Omera. Huumitupus, Calidria. 


Puiliniifl, Thala»sidroma. ^^^| 


Tribe VI. Divsrsirostres. 


Tr^e V. MedionarirORtrw. ^^^| 


Snhtriife 3. Macrodact/li. 


Family. Laridit-. ^M 


Familij. IbxWula-. 


Oenera. Cataracta, Leetria, Lanu, H 


0gncra. Rallue, Crex. Zapomia. 


Rissa, Xcms. H 


Tribe VII. Kronliscatlrgstre*. 


Tribe VI. SubnlirMtres. ^^^| 


Family Fulicidie. 


FiMnily. Stcrnida;. ^^^| 


Oentra. Gallinula, Porphyriit, 


iicrura. Anous, Viralva, Pon- ^^^B 


Fulica. 


Utcliolidou. Stcma. H 




Tribe VII. CiupidiToetre«. ^^^| 


Ordsr VI. Natatoebi. 


Svhtrihe 5. £rcvipcnne«. ^^^| 


Tribe I. LBmoUirristrBS. 


Family 1. Podicipida». ^^^H 


St/U>trtlK I. Siu)pli«ipolliceB. 


ff'emit. P<jdice[is. ^^^H 


Famittj 1. AQfiuritlK. 


Family 2. Col^'mblda*. ^^^| 


Otn^ra. iWmicla, ^Vnser, CA/«,, 


Omera. Colymbuo, Uria. ^^^| 


CygriM, Oloy, I'iMtroptena, 


Tribe VIII. Sulcirofltres. ^^H 


CheiiolQi>GX. 


Family 1. MurinonidEB, ^^^H 


Family 2. Anatidw. 


Qenera- Mei^ulua, Mormon, ^M 


OMi«/-a. Tadorna, CrteVma, Hlij'n- 


Utamania. ^^H 


cha«jjt8. CImulioduB, Dafila, 


Srihtribe 6. Iiupcrrixitipcnooa. ^^^H 


Asae, Mureca.. 


Family 'J. Alcids. ^^^| 


SiJttribe 2. MembranipollicM. 


Cfenu». Alco. ^^^| 


It now V)econie8 me to explu 


in, us hriefly and as clearly as S 


plcftn, the suLclassfB, certain c 


f the tribes, and other groups, H 


^Hfepted in the preceding class 


ficatton. H 


SuMass 1. Avea Constrict 


ipedes, — Birds whose feet are H 


conxtricHle, or adapk-d to ffrajtp 


'ny. The birds belonging to H 


Uiis subclass make, in general, 


contpact and well built nests^ H 


wherein they hring up their 


I'cry weak, blind, and moHtly ■ 


niOce<l» young, which they fee 


d with care, by bringing food ■ 
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to them for many days, until they areticdged and sufficiently 
Btrong to leave tlic neiit. They are principally monogamous, 
and have the feet endued with great conatrictUUi/, or com- 
plete power of graspinf^ ; and the thumb or hind-toe. which 
almost always exists, entirely rest-s upon the ground, and is 
in the same plane with the other, or fore toes. 

The Order I. Itaptores, I have distinguished by two tribes, 
vu., lat, Planicerirottrts ; and, 2d, Tecticeriroitrea. The 
firtt comprehends those genera wbicb posHesH the cere uf the 
bill plain, or conspicuous, and it is in general large, indeed 
often very extensive. But in the present rostral classifica- 
tion, the birds of jirey might form a natural tribe, — Adun- 
eirostres, nn account of their strong and hooked beak^ aa in 
the words of Pliny — " rostra — rapto viventibuB orfunro.*' 
Still I must add, that I much prefer tlie two first meutiuned 
tribes, derived from the important characters of the cere. 

Family 1. SarcoramphidiB i — considering the /joir^tr of ^/ftj^Ai 
as the chief characteristic of birds, 1 would commence this 
class by the condor. That magnific>ent monarch of the 
feathered race is, I believe, the largest of those species that 
are endued witli the strongest, the most extended, and per- ■ 
feet wings; and it also possesses the power of flying in the 
highest degree. And I would terminate this class by the 
wingless auk {Alca impennis), and the penguins (SpheniMtdaf), 
because these remarkable birds do not at all possess the 
faculty of flying-, and have wings which are only rudimen- 
tary, or very imperfectly formed. The condur receives its 
generic title of Sarcoramphus, or Jiesh-biU, from the large 
fieshy cere, or skin with which its bill is so conspicuously 
funiished. 

Subtribe 2. Kocturm : — the nocturnal birds of prey come 
under my second tribe — Tectirerirostres, or those raptores 
which have the cere nf their Ml kid, or covered with feathers : 
Linnoius erroneously characterised owls as possessing, " rost- 
rum aduncum {afuK/ue cenJ)." Ho Dr Fleming says, the bill 
of owls is " jcithoui cere,'' and the Prince of Canino de- 
scribes them with '* cera obsoleta." On the contrary, in the 
genus Otu4t, the cere is large; although in all the genera 
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(Iiat Biugular wax-like membrane, Bituate at the bane of the 
bill, is conceaied hy feathers. 

Instead of resuming for the owIr the two subdivisions of 
Linnaius, AuricHialtc and Inauncitlattp, I have arranged them 
into two families. — 1. Striffidw, corresponding with the 
latter, or mitkout earetx ; and, 2. Bubonidw, that agrees 
with the former, and comprises those owls which are fur- 
nished 7Pith earefji ; or, as our old writers named them, earn 
and horns. Both of these familleii will have to be divided 
into opereulati and inopercuiati^ with reference to the pre- 
sence and absence of opereula in the ears. The diurnal 
birds of prey approach the owls by the genera Circus and 
Strigiceps ; the latter, or the owl-harrier, in tlie form of the 
head and the facial disc, comes most nearly to an owl. So» 
the family of Strigidie approximates to the hawks or falcons,, 
by the genus Surtiia, of which the species culled the haivk- 
«r/ (Surnia funereaj, ought to be placed, t\ie first in the dis- 
tribution of tlie nocturnail raptores. 

Order 11. Ih-ehenmreii : — This, with the preceding, and the 
following orders, constitute six in all, in my general classifi- 
cation of birds. 1 was indeed desikirous of retaining only 
,(ftv orders, according to the system mostly used in England ; 
bnt, on mature consideration, I found that I could not do so, 
if I attempted to follow an arrangement in accordance with 
nature : 1 have, tJierefore, been unwillingly compelled to 
place tJie parrot groups in a separate order, and wliich 1 have 
termed " Prehensorea," after M. Btainvillc and tlie Prince 
of Canino. But I have ventured to differ from some of the 
views of the last-named admirable ornithologist, and of M, 
linger, in making it my second order ; and, in fact, the link 
which connects the Raptores, or birds of prey, with the true 
Insessores or perching birds ; whereas they have placed the 
Psittacidm \he first in their systems. 

The arranging of the parrots witb the Scansorea appears 
to me highly artificial, and, as it were, forcing them into a 
place in a system, where they have little except the forma- 
tion (zy^odaetyiittn) of the toes, and perhaps the colours in 
some degree of the plumage, to warrant such a step. If we 
compare their structure with that of the Raptores, we shall 



find the parrotA approaching most strongly to them. Thus, 
I will enumerate some of their comparative rcBemhlances. 

Tbey have a booked bill, — termed also " rostrum adun- 
cum" by Litmaua, and a cere covering its base, Utrou^ 
which are pierced the nostrils. These are round, like those 
of many of t-he falcons and owls. Their tarsi are reticulated ; 
and their claws, resembling talons, are sharp, and mach 
curved. The shape of some parrots is similar to that of a 
bawk ; whilst that of some others with a short tail is thick- 
set, aJid rather broad or squat, and resembles the sha()e of 
an owl. Again, the naked cheeks or places about the eyes 
of certain maccawe, represent the plumose discs, which sur- 
round the eye« of owls. These nocturnal raptores likewise 
further approach to the pan>ots, lu having their external toe ■ 
capable of being turned bac-kwards, which, when reversed, 
resembles the zygoJactyle position of the latter. Also in 
their internal organization they are in these respects similar, 
viz., the sternum of parrots is much like that of the fal- 
conidte, while* the furcula approximates to that of the owls, 
by being somewhat Battened. And the oesophagus is equally 
enlarged with that of tlie falcons. 

So far had I written, before 1 had seen, or even heard of, 
that most singuliir parrot, Sfri^fypa habrapiilas, which has 
recently* been placed in the British Museum. This parrot, 
as its generic name implies, is exceedingly like an omi in its 
general conformation, in having facial discs, and long hair- 
like feathers about its beak, and in its downy or soft feathers 
or plumage ; from which latter circumstance, the name of 
ITal/rv/jitlug, has been given to it. It is figured at plate 105, 
Part XVII., of Gray's and Mitchell's " Genera of Birds." and 
is classed by tbem in their subfamily Cftcatuinte, which corre- 
sponds with my family Pli{ctolophid<x. This bird, tlien, fully 
confirms, in the most unexpected manner, the views 1 had 
long entertained of placing the parrot families bettveen the 
owls, and the insessorial birds : so this new genus Strigopa 
must stand the first, or nearest to the owls, in my ^rsi family 
PiyclolopAiifcE. 

* Mr J. E. Oray Informs me th«t tin piirchRsetl this bird at Havre ia the last 
BUnuntr, and Uivt U is n nntivc or Nr^v Zealand. 
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But I must observe that notwithstanding theso aifinitiet 
(o the raptores, the parrot groups are eHgentially distinct 
from both the diurnal and nocturnal subtribes of that order, 
and therefore compose of themselves an extremely natural 
order. 

The term " Prehcnsores," or Holders, will be found ad- 
mirably appropriate ; beeaune, the parrots, of all birds, most 
possess the faculty of catching hold of orery thing ; in addi' 
tion to the powerful Aoid which they always take with their 
toes and claws, — and these, from their structure, aro best 
adapted to that purpose — tiiey also hoid, when in the act 
of climbinfj, by their strong beak ; and, when about t« eat, 
they generally bold their food iu one foot, and so raise it to 
their month. Since the bill of the parrots, althongh hooked, 
differs materially from that of the raptorial bii*ds, by being 
rounder in all its parts, 1 have consequently named the tribe 
PotundiroKlreg. Indeed, in these birds the upper mandible 
is likewise different in its anatomical structure, for it forma 
quite a separate bone, and is articulated to the cranium. 
The three subtribes, Lievilingues, Hiriilingues, and Tubi- 
lingues, are distinguished by the tongnei being gmooeh, or 
roughs sometimes even hairy, or tubular. 1 must, however, 
observe, that a further knowledge of several genera of the 
rotundirostral tribe is requisite, for the purpose of deter- 
mining with greater accuracy the groups proposed in this 
arrangement, as well as, in all pi-obabiiity, of adding other 
new ones to it. The extra -European or foreign order of 
Prehetigortat, comprising the Linnsean genus Pgitt<tr.ug, I have 
here introduced, for the sake of completing my general cloMgi- 
fieation of birds : aU the rest of the foreign families and 
genera can be included in my remaining^re orders. 

Order III. Imesaores. I commence the perching birds 
with the Scansores, or cUmhers, as being most nearly allied 
to those of the preceding order. Many of their habits are 
similar ; and the division of the toes into two pairs or jfokes, 
which has been well termed sygodactyfe, i. e., two fore-toes 
and two hind-toes, is very much the same. In the arrange- 
ment I have here proposed, the approximation of the genera 
in each succeeding order to those in the one immediately pre- 



ceding it, will be distinctly apparent. In the Raptopes, as 1 
have before said, tlie iliiirnal rapacious birtlK are connected 
with the nocturnal by the genera Strigiccps (the owl-harrier) 
and Sumia (funerea or hawk-otet); again, the Pi-ehensores 
arc approximated to the latter by Strigops, or the ottl-par- 
rot; and the Insessores arc diroctly allied to the Pi-ehensores 
by the 8eanHorial genera (amongst others) Oxylophus, which 
in some respects exhibits an affinity to Plyctolophus, and 
Picu8,whiehbearBnogroat dissimilarity of plumage from cer- 
tain of the parrots (Psittacus). Lastly, the more ordinary 
diviaion of the toes of the true InBeasoree is then approached 
through Sitta, and other genera of the Scansores that are 
fnrniHiied with three toes before and one behind. 

Myyfr*/ trilie, Curvtrostres, is derived from the somewhat 
slender and generally currert beak of the cuckoos ; whilst my 
tecond tribe Cuneiroatres, is founded on the strong euneattd 
or wedgc-shuped beak of the woodpeckers, wryneck, nut- 
hateh. &c. 

Of this tribe the family 2, Aplermdw, is constituted for the 
reception of the three-toed woodpeckers. The genus Apter- 
nut of Swains<jn is its type, and is Lorrectly named, for the 
word signifies mthout a Aini/-toe, or heel ; consequently, 
this family fonns a very rnre exeepHon to the groups com- 
prised in this subclass, and to which I would also refer the 
foreigTi species Picutt *AoriTnnd P. tiga. Although the hind- 
toe itself is absent in these birds, yet the outer fore- toe being 
placed behind, and in the same plane wiHi the otliers, causes 
the want of it to be scarcely felt in the functions of walking 
and climbing. 

Family 3, Sittidw. T thinlt there is much anomaly in 
placing, as the Englisli ornithologists do, three genera with 
such different beaks as the irren, the hoopoe^ and the nut- 
hatch, in the same family, Oerthiada;, and in the same tribe, 
Scansores ; whilst, in fact, the koapoe cannot be called a 
cUmhcr. Cnrier'jt .System places that genus, and the nut- 
hatch^ among the Tenuirostres, but the teren among the Den- 
tirostres ; to this, likewise, there are several objections. 
Since tlie genus Sitla differs in its structure from those ge- 
Dcra. as well as from the two preceding families, I have, in 
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order to assign it a station more consistent with nature, 
placed it in ft separate family in my Cuneirostral tribe. 

Subtribe 2, Clamatoreg, Criers or Screamers, I have limit- 
ed to only a few gi*oupa ; one of which, the Coraciadidie, or 
the European Holler family, I prefer placing in the Coniros- 
tral tribe, and next to the jays, which in many respects it 
resembles, rather than among the Fiasirostres, as some of 
our modern naturalists do. Although the wide gape, with 
which the eommott roller is furnished, may give it a claim to 
that place ; still I am inclined to divide the present family 
CoradadiJw, and stattun the Australian and African kinds, es- 
pecially those of the latter, which are long-tailed, and strong- 
ly approach the hee-eaters in form and appearance, next after 
the family Meropida>, among the Fissirostros. And this di- 
vision would then constitute a new family, and stand in my 
subtribe AUodactyl'i^ and just before the Hirundinidas. I 
have observed the common roller in Sicily, and think it 
clearly more allied to the CorviJm than to any other group. 
Like the Jat/, it ia restless, makes a loud chattering cry, 
uid seeks its food upon the gi-uund, which consists of in- 
sects, caterpillars, worms, Sec. But it even resembles the 
woodpeckers in breeding in decayed trees, and having &gg& 
of a beautiful shining white colour. In fact, the eggs of 
the roller in their shape more exactly correspond with those 
iif Picug minor. 

Family 2. Corvidm. It will be remembered that Cuvier 
classes the genus Fregitua, with the hoopoe, amongst his Te- 
Duirostres, which is perhaps its proper place, if we regard 
the beak alone. To place it in the Conirostral tribe seems 
incorrect; but its general appearance and habits must decide 
its station to be with the Oorvida. Fre^ilut is, consequent- 
ly, an aberrant genus. 

The third subtribe, or Cantatores, Singers, is very exten- 
sive, comprising, in strictness, all the tint^ing birds, and es- 
pecially the true Warblers. 

Family 4. Loziadiv. Considering that the family of Frin- 
giUidcB, as ustwilly retained, is much too comprehensive, and 
ought to be divided into one or two mure, I have adopted, for 
the larger and thicker billed genera Loxia, I'yrrhula, Cocco- 
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thrauBtcs. &c.. Vifforg' family of Loxiadie. (See Zool. Jomrn.. 
vol. ii., p. 399.) 

Family A'donitim. Instead of the name Sylviadee, which 
haa been given to the group of true Sonffuferg or Warbiers, 1 
have bcfltowcd that of AUdonida, from the Groek dlifiw, a 
niffAtin^a/e, which i* derived from the verb iiiAw, to sinff. The 
word for this family will itaelf appropriately signify soitff- 
ttert, being also received from that chief of songsters the 
nightingale, as its type. Consequently, it appears to me 
to be better to usaign the generic appellation of Aedon to 
that bird, than to continue that of Philomela. So, then, our 
two European nightingales would be called A^on Philomela 
ami Aedon Lusciniu. 

Subtribe 4, Latrones, Robbcra, are the birds of prey of the 
Insessorial order, or Perchers. They include the Butcher- 
birds, Shrikes, and Fly-catchers. 

Subtribe 6. Amsodactyti. This and tlie two following sub- 
tribcB, Sgndactgli and AUodaetyli, are distinguished by their 
toes. 

Family 2. Upupidw. As the hoopoe must clearly be placed 
in a distinct family, I have employed that previously formed 
by the Prince of Canino. Bat the same author having inatj- 
tuted the family Cgpselidw for the Swifts, and so entii*ely 
divided them from the Hirundinid», T can by no means agree 
witli him in the necessity for this. 

Tribe VII. Cutinariroitrea, I have thus designated be- 
cause of the tumid and soft skin, or cuticle, at the base of 
the bill, in which the nostrils are situated, being peculiar to 
the pigeons, doves, and turtles. 

The title of Ggrafores, bestowed upon the Colunibidee by 
C. L. Bmiaparte, is strongly indicative of their movements. 

Here I must remark, that those zoologists who class the 
ColumbidcB with the Hasores, or Gallinaceous birds, evidently 
transgress the order of nature. No doubt, these birds ap- 
proximate nearest to the latter in some respects, yet in 
others, and those the moat important, they are totally dissi- 
milar. 

They resemble the Rasores^ and especially the domestic 

ultry, in their young being hatched with much hairy down 
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upon them, and not naked, — in some species having carun- 
cles, narrow and long t'eathera on tlicir necks, — and in seve- 
nl of theb* habits. 

But they differ fi"om them (amongst other things) in their 
young being mostly bom blind, tender, and requiring to 
be fed for some time, — in being monogamous. chicHy arbo- 
pea!, posBessing constrictile feet, fiillj' suited for perching ; 
with the hind-toe quite resting on the ground ; the tarsi ua- 
armed with spurs, and in general not swift-footed. 

Sudeias* II. Aves Tnron^trictipedejf, birds with inconstrie- 
tUe/eet; \. e.^feet litlie or not adapted to grasping. 

The birds in this ficbclagg make either a poor and rude 
neat, in which they lay their eggs, or else none, depositing 
them on the bare ground. The young are generally bom 
with their full sight, covered with down, strong, and capable 
of running or swimming immediately after they leave the 
Cj^-sheU. The parent birds attend, and direct them where 
to find their food. They are mostly polygamous, have the 
feet little or not adapted to grasping, and very frequently 
want the thumb or hind-toe; but this, when preaent, is 
chiefly placed higher up the tarsus than the plane of the 
fore-toea, and usually rests, in a slight degree, op not at all, 
npon the ground. 

The tribe Convexirostres points out the ati*ongly arched^ or 
tonvex bili^ of the Gallinrp, gallinaceous birds or scratchera 
(Rasores) ; and tliia I have divided into two suh tribe it ; — the 
first Podarceeiy noSdexsei, able with their feet, or swift-footed, 
— the usual characteristic of this active group, consisting 
chiefly of game-birds and poultry ; and the second, Podenemi 
— Wb^ftfiAi, having feet as amift as the winds. This subti*ibe 
comprehends the bustards, which depend upon the swiftness 
of their powerful, long, and muscular legs, for safety, i*athor 
than upon the use of their short wings. 

The genus Hemipodius, ov ha!f a foot, is so named, because 
it wants the hind-tne ; and in this respect, as well in being 
polygamous, as in having the hill compi*essed, it approaches 
to the bustard. Consequently, I have stationed it in a sepa- 
rate family, Uemipodiadm, and next before that of Otididts. 

The stilters or waders (Grallatores) constitute Uie Oi-der V., 
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of wbich my fir$l sabtribe marks the eounert or Tunning 
tvaders. 

The birds in this order possesB almost every variety of 
feet, which are furnished with either three or four toes. The 
hind-toe or thumb, when it exists, is generally placed at a 
varying height upon the tarsus, and does not at all touch 
the ground, or only does so in a slight degree ; rarely, how- 
ever, it ift attached in the same plane with the fore-toes, and 
rests altogetlier on the ground, or presses in a great degree 
upon it The mode in which the fore-toes are divided, is 
likewise variable, and the modifications of the web or mem- 
brane are numerous, and in some examples exceedingly re- 
markable. 

The beaks also greatly vary, but for the most part they 
are of considerable length, and well adapted to searching in 
water or wet places, for food ; so are the legs, and frequently, 
too, the necks of the different groups. 

Family 3, Hwmatopodidw, is established for the reception 
of that singular genus JJminatopuB, which is of importance, 
Bs it lemls directly to the following :^ 

Tribe II. CnUrirontrea, signifying the knife-hiUs, an ap- 
pellation very appropriately bestowed on the group by Cuvier. 
In fact, the bill of these birds, and especially of the Ardeida, 
is a most dangcrou.s weapon ; when used as an instrument 
of defence, they suddenly dart it into their enemy like a long 
knife or stUcllo. 

My second subtribe, Ambulatores, distinguishes the »ti/t- 
era or Walking-waderg ; this ought to be again divided into 
two or three sections, such as Tardi^ Veloces, &c. 

TribQ IIL Pyxidirostres, t. e., box-billed^ I have taken for 
the family Phoenicopteridse, fi'om M. Edm. de Selyn-Long- 
champt Classiticatton of Birds, published in his " Faune 
Beige." Licye, 1842. 

Tribe IV. Since the Spoonbillg cannot be correctly claased 
with the dagger or knife-billed birds, CuHrirostres, I have 
been compelled to form a new tribe for them, and which I 
have termed Spathulirostrea, the Spatuia-billed group. So 
1 have necessarily added another family, Plataleida. In this 
and several more new families, I observe, on a very recent 
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perusal of M. De Selt/s-Lon^champa' work, that he has anti- 
cipated me m their institution. It is, however, gratifying to 
me to find, that so able a uaturaliat coincides in the neccasity 
for these netr groups. 

Family 2. Recurvirosiridce. Agreeing with C. L- Bona- 
parte, I have placed the remarkable genus Rocurvirostra in 
a separate family ; but among Cuvier's Longiraatrcs, or Long- 
billed group, which I have taken for my fifth tribe of Gral- 
latorea. 

Family 5. PAalaropodidie. On more mature consideration 
] prefer to follow C. L. Bonaparte in the name of this fafhily. 
1 had previously arranged it under the title of Lobipedida^ 
as Mr i'arrell has done ; but, since the genera Phalaropus 
and Lobipes belong, without any doubts to the LoH^irottrai 
tribe, and bear a close affinity to the genus Tringa, I have 
bera necessarily assigned to them their true and natural 
position. 

Tribe VI. Diversirostrea. The great diversity, as well in 
the shape, as in the length and size of the beaks of the rails 
md crakes, that ftirm the present very natui'al tribe, has 
obliged me, for the sake of perfecting this Roatral classifica- 
tion, to entitle it, Diverairostre$. 

The HatUdwy as well as the Fulicidce, are furnished with 
long toeg, unconnected by any membrane at their base, the 
3£acrodactyli of Cuvier, which (although not webbed) are in 
tome species edged with lateral membranes, that greatly 
osnst in swimming. 

Tribe Vn, Frontistutirogtres. The singular naked shield, 
disc, or plate, upon ths forehead of the Gallinnles, Sultanas, 
and Coots, of the same consistency or nature as the beak it- 
self, has led me to establish this tribe. Indeed, this frontal 
tkield seems only to be a portion of the beak caiTied over 
the forehead, about as high as the crown of the head. The 
lobed-feet of the Cools, together with their habit«, form, and 
plumage, mark them as most nearly allied to the true reeb- 
footed birds, Natatores or Smmmers, which compose my last 
and 

VI. Order. The feet of the several tribes in this order 
are more simple than thoac of the preceding. They are all 
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webbed, palmtpedegf btit chiefly present- thrte fonnR oi pabna- 
ture ; Jir$ty where the fore-toen «^ »lone connected by a 
merobrauc : this is the cornmon palinature ; secondly^ the toH- 
paJmalure, where the hind-toe ts placed at the inner flide of 
ttie taraus, and united with the fore-toes in one entire web ; 
and, thirdly, where the forO'toeB are edg«d with lateral and 
extended membranes : this is called the /M<?/7a/m/7^ur«. The 
tarsi are more nr Icatt cnrnprenfted, and the cIokm iu some are 
short and blunt, whilst in others they are Hat and square^ 
or curved and sharp, reRembltni:; talons. 

^be I. LameUiroitr«$. Cuvier lias thos very properly 
named hi8 fourth family of P(Utmpede», which, with the ex- 
cluRion of the ^nera .\f^rywi and Me/yaiiser (also Membj^^ 
nipoUioes), I have a^iHumed for my first tribe of the Natati^^^f 
In truth, the tamella; or denticulations, present one of tfi^^ 
principal chara«torft in definini;; the genera of tiie Anatida. ^ 
I have divided it into two snbtribea, SimpUcipolUcet aad fl 
Memhrarupoiiices ; and I have separated the geese and awaits 
{AnterUlo)) from the ducks, whilst the latter, with the re- 
mainder of the LameUirostrai tribe, being the Pouhardn^ Sco- 
ters, Kidcra. &c. I have diridetl into two more fazniHeSi 
by restrictinjtr those genera, chiefly fluviatite and lacoRtriae. 
which have the thumb or hhiH~toe gimph^ or milkout a mem- 
hrane, to tlic family Anatida/ ; and by placing the rest po^ 
aeasing the hittd-toe edged with a inembrane, in the t^unQy . 
FuliffulUiw, being the marine or oceanic kinds. 

Family 1. AnseridtE. I have thought myself warranted in 
claHsing the ^i^^a fwid swans apart from the large family of 
^mi/wfcpnf the English zoologists; bocausCj in addition to their 
shape, and some other characters, their tranheie are mostly 
fw/ fumlBhcd with any enlargement or labyrinth, or rarely 
with ». aitufle one, as in the Egj'ptian goose; while the re- 
maining maJc AnatidoB, csoept the common scoter, posseu 
OH9C0U8, or cartJlaginouB, labyrinths, at the extremitieti of 
iheir tpacbeie. Also, I consider thnt the domeHtic Hwan 
ought to conatitute a aeparate genus, which might bo called 
Oior, and the species .\futuii; but the Jloopfir, with the other M 
^^ciea, abooM be stationed in the restricted genuit C^ffnut, ■ 
fin* they differ, beaideii some minor pointa, in theae tttmctural 
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ones of importance ; rta»tely, in the absence of the basal pro- 
Inberance of their bill, and in the lengthened tube of their 
windpipe, which enters with a fuld into a cavity, within the 
Iteel of the sternum. And in the diatribution of the Ameridai 
\ have arranged the genera thus : — I. Btmicia, beginning 
vitli (B. Brenta) the brent bomicic, which affords considcra- 
de resemblance io the common coot, the last of the Gralla- 
torial order, both in shape, colour, and pluina^. 2. An»«r ; 
L Chen; 4. Ci/ffnuit; 5. Olor; and then I have placed the spur- 
Iringod goose (Piecfrop/eriif GamOen^i^), becauac, in that bird, 
he dinglo enlargement at tite end of the trachea tirat presAis 
tielf, and is perforated with many hule-t, thereby approaching 
lotiie ^nafut/B. And, lastly, I have added the Chvnalopex 
^Iffyptiaca, or Egyptian goose ; for that speoies next otfcrs the 
tracheal enlargement, which is lai^er and more perfect than 
be precudtugt and tiiua shews its uloaer aihiuty to the family 
of ducks. 

My restricted family 2. Anati'laf, answers to Cuvier' s ificond 
lUviftOn of ducka, which is thus ably detined by that author : — 
" Leu Caioards de la deuxihn^ division, dont le pouco n'esi 
foint borde d'uue membrane, out la ti-tc plus mince, les pieda 
noioB largcs, le cou pins long, Ic bee plus egat, Io oarps moins 
^laia; iU marchent mieux ; rechorchentleapla^tcsaipiatiques 
Itleurs graines, autantqnelespoissonsetautresanimaux. II 
laraU ijue It^s renBemeus de leurs iracbcea soot Jc substance 
omogene, osseuse et oartilagineuse.'' (Ri'^w Aninmt, p. 536, 
one i., edit 1817.) 

^Family 3, FidiguHda)^ conatitutcs the Jirst division of 
TboiffrV aiTangement of the ducks (Lcj Catutrds), and is cha- 
ftcterized by him as follows : — " Lea especes de la premiere 
ivinon, ou cclles dout le pouce e»t bonie d'uue wcmbraue, 
at la tete plut* grosse, le con plus court, les pieds plua en 
Ri&ra, leB ailes plua petltes, In queue plus roide, lea tarses 
loB comprim^!s, lea doigts plus longs, lea pa.lmureA plus 
btieres. KUes marchent plus mal, vivent plus cxclusivcmeut 
e poisHons, et d'insectes, et plongent plus souvent." (Bej, 
11, p- 532, tome i.) 

Notwithstjuiding that the tracheal tube and labyrinth of 
goldso Bye (ClanfftUa'j, approximating to those of the 
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Aferffida. would direct me to Rtstion it the last in this groa 
as Afr Varrelt has done, I have arranged it fir«t^ Rince i 
size, form, and appearance, clearly indicate its place to 
next to the Wigeou {Mareca.) 

Tribe 11. Serriroatree, I considered it more correct to 
institute this trilw of aair-billed Natatorea. for the Mergidae, 
Carbonidnj, &c., because the mandibles of their bills are armed 
with fiharp teeth like those of a «aw, indeed, very diflercnt 
from the Latnellce of the former tribe, than to eoniintie the 
as in the Cuvt'erian classification, among the Lamellirostres 
Stftl 1 ought io remark, that »iome authors designate the man- 
dibles of the TrogonR and Itcroglossi as serrated^ but the 
are more strictly eut in. or jagged, along their exterior mar« 
gins ; and they would, therefore, be belter defined by the 
term Inctsirostre». Further, relying on two or three dis- 
tinctions, 1 have deemed it cxpeilient to raise the genera 
Mergu9 and Mer^anMr to the dignity of a family, of which 
the former is its tj'pe. 

Subtribe 3. Totipatnue, the entire rrefrs of Baron Cucier^ 
Here we find the hind-toe, or thumb, brought forward, a 
rather to the inner side of the foot, and connected with the 
three fore-toes by a strong and totai web. 

Family 2. Fregatuftt. I have retained Rat/'e generic titl' 
of Freffata for the man-of-war bird, and have placed it in 
family separated from the Carb&nidw ; because the feet of tljat 
singular bird, althongh having the hind-toe bi-ought to the i 
Bide, and united with a single palmatcirc, dtlfer mncli, in tbeV 
toes being only webbed for about one-third of their length, ! 
and not, as in the two following families, an far as the claws. 
These last, resembling the talons of the Raptores, are sharpfl 
and strongly curved. The Fregala is an American species ; 
and its appearance in Europe has been accidental. The 
Prince of Canino says, it was only once seen at the month of 
the Weser in January 1772. 

Family 3. Carbonid^, or the Cormorants, have been neces- 
sarily divided by myself from the Peltcanidce of authors for 
several important reasons ; among which is the attsence of all 
gerrated denticulattons on the edges of the mandibles of the 
latter. So likewise^ the remarkable form of the entire bill, 
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and the shape and diameter of the pelicans being more allied 
to those ul' thv »\vims, have conBrtueil such a division- 
Tribe Til., SaccnUroatre* is so named from the peculiar 
bag, or umall mek, affixed to the lower mandible of the Peli- 
cottidw. iu fact, the pelican is one of the most extraor- 
dinary of the Enropean water birds, and, like the Flamingo 
or Avocet, ought to constitute, per ae, a distinct family. 

Tribe IV. Tubinarirotlreg. This tribe I have derived 
from -1/. TUige.r'g " Tubinarea," on account of tlie tatuiariws- 
triia, which extend along the top of the upper mandible of 
the different genera in this group. This, and the two fol- 
loning tribes, ai*o furnished with hn^f wituja ; and they are 
included in dwier^a " Longipennea," or second family of Pal- 
mipedes. 

Family I'toceilnriadm. As C L. Bonaparte had previously 
done, so I have separated the Petrels, &c. from the Lartdee, 
and restricted to them the present family. 

Tribe V. Medionariro^treg. The nostrils in the skuoa, 
galls, and xcuics, are placed about the middle of their UU ; 
hence the term, which I have assigned to this tribe, will con- 
vey to it a proper signification. 

Family Laridw. From the similitude of the bill of the 
genus Cataraeta, or Cascade skua, to that of Procellariadte, 
I have selected for it the first wtation in this family- 

Tribe VI. Subuliroatreg. This is a very natural tribe 
token from the subulate, or awl-shaped beaks of the terns 
and sea swiillows. 

Family Siernidw. I have differed from C, L. Bonaparte^ 
Jf. de'Selya-Lor^cAampa, and others, in forming a new family 
Sternida; quite independent of tlie Laridte. Also, the genus 
PoHlochclidon has been instituted by me tor tlie reception of 
Sterna Caspia, and S. Anglica- 

Tribe VII. I have designate*! Ca»pidirostrex. because of 
the slroug sharp-pointed beaks of the several genera, which 
much resemble the pnint of a ajtear. They all have short 
winss — the " Bracbyptera' of Cuvier ; — but which, for the 

ie of uniformity of expression adopted for my last three 

^trii/es, I Imve called Hrevipennes, as I ^nd Jf. de Selyt* 
Lvnychamps has likewise done. 
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Family I. Podin'pidig. From the remarkable feet of the 
gi>ebeH, their want of a tail, and some other rharat^ters, T 
perfectly coincide with the last mentioned autlior in Kepiuui- 
iDg them from tha fnmily of Col^mbiHte. 

Tribe VIII. Snicirostrea. I have bestowed thi* title upon 
^e present tribe, in order to point out their peculiar hilh 

] well as the grooves or furrows (fiulci) that are apparent 
n them. 

Family I. Mormonidte. Thin family has been established by 
myself for the little auk, pnfiin, razor- bill, &«., since they prin- 
cipally differ from the trne auks {Alci(l€B) in their short, but 
more perfectly developed wings, witb which they are able to 
fly, notwithstanding the statement of Cavier and others to 
the contrary. 

Ohs. With respect to the iubttiUg, I must hoi-e make 
some explanation, viz., that where one subtribe is intended to 
embrace Tnore families than those comprised in a sin^jt tribe, 
for example, the stthtribe Li>ngipenne§ may include the 
Laridfe and Sternidm, as well as the Prorell.iriadre ; and the 
suhtrihe BrevipenneB, the Podicipidte, ColymVidie, and Mor- 
monidffi, the term guMrder might perhaps be more correctly 
substituted for that of jtubtri6e, and in lieu of standing after 
be placed be/ore, the tribe; but this I will leave to the judg- ■ 
ment of others. And I will only add, that I have jireferred, 
for the sake of a uniform terminology, to name aU those sec- 
tions tubtriheg, and not tome of them ** suborders," and 
others " subtribes." 

Subtribe 0. ImperfecUpenne$t in consequence of the ninog 
of the true auka {Akidm) being so imperfeet, as to be useless 
for the purpose of flying, I have formed this subtribe for 
them, and for the foreign family of Penguins {^phenucida), 
which is furnished with very similar wings 

Family 2. Alcittee. Herein are contained the restricted 
auks ; and 1 thus station the wingless auk {Aka impennU) 
the Itut in my arrangeiueitt u'l the European birds. 

Aft I have preidously mentioned, that I would begin my 
general classification of birds by the condor (tiarcorampbuB 
gryphufl^, and I would terminate it by the smallest species of 
pengnin; ao, in like manner, it will be seen, that I have com- 
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menced my dihtribution of tlic Oirdg v/ ICurope by tlie genus 
Neophron, a bird endued witb ^eat viyor of Jfi</ht^ and have 
coacluded it by i)xQ fiiffh(le$s ^iuk. It wUl also be observed, 
\iovi I have placed the subtribc Breviptnnes intermediately 
betireen tlie Longipetines on the one side, and the Imperfecti' 
penncg ou the other, and thus gradually leading from the 
neb-fuoted birds* possetistng considerable power and swift- 
oesB of wing, to tliuse which have almuvit tiv wings, or at 
Ivast ftr© entirely deprived of the faculty of Hyinj;- For, iu 
reality, the wings of the latter are most impp.r/ecily developed ; 
being Qiei-oly rudimentary, wilb aeale-like feathers, and use- 
less as instruments of flight, thoy i\rv ulonu serviceable an 
Jbu for the fiinctionA of swimming and diving. Thoa we find 
the bii*ds comprised iu my last fiunily, Spheniacidai, or the 
Penguins, in their form, habitu. and marine mode of life, ap- 
proxjmatisg; most cloHely to the Turtles, or Amphibia^ and 
to the following class of Fishes. 

Lastly, in tlie preceding classificatiou, the great iacreeute 
in the number of families may, at first sight, appear objection- 
able to some oruitho legists, ihif , on a further examination of 
it, I trust, their objections will be removed ; because I feel 
satisfied, that, by a more minule and extended division of ibe 
birds into such groups, we arrive at a more perfect and 
natural an-an^^ement : and, at the same time, I consider it 
to be the only accurate method of attaining to a full know- 
ledge of the differences presented in tlieir organization. And 
I am exceedingly gratified to find> that the view of that most 
dittinguisiied philosopher and observer of nature, Alexander 
ff«n Ilutnboidt, precisely agrees with my own ; for, in bis work 
" OwffiMr." now publishing (vol. i., p. 388), he thus writes : 
'* In the natural history of birtJjt and fishes, the system of 
groupiog into tnanjf amall families is more certain than Uiat 
into a few divisions* embracing larger masses/' 
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Marine Depoiites on the SSargin of Loch Lomond. By the 
Rev. J. Adamsost. 

Aa to beauty or magnificence of scenery, Loch Lomond 
has many interefrting featnres common to it with the other 
Scottish lakes which occupy the chaams of tlie grt-at primi- 
tive mountainouH district ; it ift, however, more closely con- 
nected with a different set of hollows. It ig the most cha- 
racteristic example of a group of long ranges which lie io- 
gether, and nearly parallel to each other, but which, instead 
of following the direction of the mountain reeesHcs, stretch 
a1mo8t. perpendicular to it, generally cutting through the 
transition and part of the primitive roeke, together with the 
older members of the secondary claaa. All the otbera of 
those valleys are connected with the sea by means of the 
Frith of Clyde, and are partly filled with its salt water, and 
enlivened by its appropriate animals. There is reason 
enough to believe that this was at one time the condition of 
I,o(;h Lomond ; but at present we find there, along with the 
ocean's depth, only the remains of its inhabitants. 

One of these marine dep*»siteB was ahnut eight or ten feet 
above the highest level of the present waters. It lay in a 
■roqll hollow, under a projecting precipice of limestone, close 
to the margin of the luke. Tlie only remains of it now are 
some fragments of a very compact culc-tuff, cuutaining sea- 
shells disseminated through it- The limestone rock is now 
quarried ; and the calc-tuff, being the must accessible and 
richest limestone, was first earned off for use. The shells 
appear to have been accumulftted in a situation exposed to 
the stalactite droppings from the lime rock. In the interior 
of the tufa, they arc chiefly the Myrtifus eduHs, or its conge- 
ners ; but the surface is sprinkled with imbedded specimens 
belonging to the genera Planorbis and Helix, which have ac- 
cidentally fallen upon it. This quarry is on the east side of 
the lake, about two miles north-west from the mouth of the 
Endrick, and on the north side of the great range of islands 
composed of secondary conglomerate, which stretches across 
the southern end of the lake. Thi; limestone is on the lands 
of his Grace tbe Duke of Montrose, and is worked for 
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l<iuiDtry, but Is not much esteemed for agriciilttirAl pur- 
poses. It is highly crystalline in its fracture, appearing ta 
be in-egular layei-s of crystals separated by fpiartz and clay. 
There are other two places which afford shells, in very 
different circum stances. These points are similar in sittia- 
tion : both arc in slight bays openinjf to the nurlh, and pre- 
venting a steep gravelly beach to the water. One of tlieni 
is on the island of Inch'I^nach, opposite to the village of 
LuHs ; and the other on the lands of H. Macdonald Buchan- . 
nan, Esq., near the south-east angle of the lake. The shells 
begin to appear about half-way between the highest and low- 
est, or the winter and summer, surfaces of the water, which 
varies in this respect about six feet. After removing a slight 
covering of coarse gravel, we find a thin bed of clay, of dif- 
ferent shades of brown, passing into yellow colours, aa we 
descend. In the upper, or brown clay, are found shells of 
the following species. Those marked ? are doubtful. Buc- 
flnu$n rtticulum? J^'erifa t/iaudna, TeHina tenuitf Cardium 
edule^ Venua siriutula, {■''enus hlandica, Nucula rostrata 
young. Pecfen obsoletus, Anemia epliippium young, Balanug 
communis, fiafanus ru^oxus, Echinuit encnlfinttts, A skil- 
ful conchologist would discover many others, from the nu- 
merous traces of them in the clay. Those shells appear to 
have been depoHited generally in an entire state, and many 
ore found with both valves in their natural position. The 
Balanus is still slightly attached to the Venus or Pecteu ; 
and the spines of the Echinus arc* found clustered in the clay 
inclosing its fragments ; so that they must have been either 
covered by water to a considerable depth, or thrown on a 
beach not much exposed to waves. Few of tlu^m, however, 
can be extracted entire, as several of thu specits are always 
in a stale of gritty chalk ; but many complete and beautiful 
specimens of the Pecten can easily be procured. Few of 
their fragments appear on the expost-d part of the beach, 
but, during sununer, niiniy may be seen u few feet under wa- 
ter. Those deposites cannot be more than about twenty-two 
feet above the present level of the sea. It is ]»robable that 
an attentive inspection of the margin of the lake would dis- 
cover many others similar to them. A little attention may 



b« neceasjiry to an opinion which we Ronietimes hear ex- 
pressed in conversation, " That such hoUows as Loch Lo- 
mond, with a bottom ho far below the level of tlie ocean, 
ought, if erer tbuy were filled by it, »till to retain its salt 
water." It »eeniR to be imagined that the aea-wuter, on ac- 
count of its greater specific gravity, is still retained in the 
deep pits of these ohasniit, and that the frenh-water glides 
nnmixed above it, or changes by ^aporatiou and renewal, 
without affecting ita deeply buried inasa. It docs not seem 
difficult to demonstrate the improbability of this supposition. 
For the phenomena of solution can be accounted for onlv on 
some hypothesis sucli as this, — that where u film of pure 
water is applied to a tilm containing salt in solution, then is 
a tendency tn them to unite, and fonn a compound of less 
saturation than the latter ; which compound has a corre- 
sponding influence on the nearest, or any number of sata* 
rat<d films beneath it, and will, in like manner, be affected 
and changed by the next pure film above it, and successively 
by any number of films in any depth of water. The changes 
win cease only when an equilibrium of attra4>tions has ta- 
ken place through the whole mass, which will then be in ft 
state of medium and uniform saturation. Whatever be the 
time required for the combination of two films, that time 
would be an element in the equation, representing the whole 
period necessary to produce uniformity, which must, there- 
fore, depend on the number of films, or be a function of the 
depth. Changes of temperature at the surface would very 
much accelerate the result, by seudiiig downward dense films, 
having the highest degree of attraction, until stopped among 
others Imving the same specific gravity, arising from greater 
saturation ; so that, probably, no long time would elapse be- 
fore nearly uniform saturation took place, even though the 
combined depths of the fluids were considerable. But the 
tendency towards uniform saturation is opposed in a manner 
which must quickly draw off the salt-water from a hollow, 
such as a lake, because the surface water, in general^ is con- 
tinually changing, and the water which has become slightly 
saturated flows off, and is replaced by that which is purer, 
and has a greater attraction for the salt; and to satisfy this 
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aagmcnted attraction, the progi*es8 of chanj^e dowiiwardii 
iDDst be much more rapid. Consequently, however alowly 
the tendency to e<{uiUbriam may act in an isolated solution, 
—in the other case, as the progress of cxlmustiou goes on 
more rapidly, we may expect that no lon^ period would be 
required to destroy all perceptible Baltness. That this pe- 
riod has \o^\^ tiiDce paased, in oar Scottish lakeK, can scarcely 
be doubted ; but though we be not able to bring up sea-irater 
from the bottom of any of them, yet all are interesting ob- 
jects of observation. Loch Lomond, in particular, as thead- 
ditioaa It receives are so uniformly distributod over the whole 
space of its mar^n, is admirably fitted for experiments on 
tile changes or stability of tempeniture in deep waters. — 
Memoir* of the Werncrian Society, vol. iv., p. 334. 

Address delivered at the Anniversary Meeting of the Geologi- 
ca/ Society of London, on 20/A February 1846. By Leok ARD 
UouNP.K, Esq., V.P.R.S., President of the Society.* 

Following tlie example of my predecessors, I propose to 
notice, in the first place, in the order of formations, such par- 
ticolars relating to the sedimentary rocks as have most ar^ 
rested my attention during the last year, contained in the 
works I have had an opportunity of examining with care. 
Bat before proceeding to that Byatematic review, it may be 
DsefbU for the reason I have already assigned, to give an 
oatline of the great features in the geology of Russia in 
Europe, and the eastern boundary of the Ural Mountains, 
described by Sir R. Muixhison. .Vnd altliougli he nowhere 
speaks in these volumes in the firat person, bnt associates 
his fellow-travellers with him in all he tells na, if for the 
sake of brevity I more generally name him when I have occa- 
sion to refer to the authors, I hope I shall not be considered 
aa detracting in the least degree from the merits of M. de 
Vemeuil and Count Keyaerling. 

Geology of Russia. 
Sosaia in Europe is " one huge depository baBin," encircled 



on the west and north by tlie graDit«s of Sweden and Fin- 
land, and on tbe nortli-east, east, and aouib-east, by the chain 
of the Ural Mountains, which ai-c mainly composed of phi- 
tonic and metninorphic roclta. It consiaU, to a very great 
extent, of a ftcrioa uf undulations, cumpojied of incoherent 
clays and Hands ; but although in that uninduratcd state, not 
cunsistltig uf modern detritua, but being very ancient dcpo- 
nitft that have undergone no consolidating process ; for the 
whole of European UuitRia appearB to have been exempted 
from igneous agency. No eruptions have tilted up the beds ; 
but the elevutory forces, to which, however, it has been indu- 
bitably and repeatedly nuhjected, have raised the vast undu* 
laUng plains en masse, without a break. The oscillations of the 
land having left the strike more nr leBs horizontal, scarcely 
any traces of ur.coufunnability of strata of diU'crcnt ages are 
to be met with, and beds separated in time by vast intervals 
are in the same parallelism of juxtaposition as if they were 
the members of one group. Thus at the moutli of the Vaga, 
a tributary of the l)wina, about 150 miles south of Archan- 
gel, po Sit- pliocene beds are seen resting conformably on lime- 
stones with Product! and Corals of the Permian rocks ; &nd 
an observer unacquainted with fossils might view the two 
as parts of an unbroken sencs. 

We have some most instructive examples of similarity of 
lithological characters between deposits of the most difiervnt 
ages, consequent, perhaps, in some degree upon that absence 
of consolidating processes to which 1 have alluded. A grit 
occurs in Sweden, described as a retomposed gi*anite or grani- 
tic gneiss, which constitutes the base of the Silurian system 
in that country, that can scarcely he distinguished in mineral 
character from a tertiary grit in central France. Lower Si- 
lurian deposits tlmrged with fossils common to the crystal- 
line slaty rorks of other reginns often occur as greensands 
and half-consolidated raud-like limestoneg. We have Silu- 
rian bituminous schists that resemble the hard beds of t^e 
Kimraeridge Clay. In one region a carboniferous limestone 
has all the chnrjict^rs of a soft tertiary deposit; in others, 
Bevonian. Cai'bonifcrous, and Permian rocks, are not dis- 
tinguishable from the younger secondary or even tertiary de- 
posits ot Western Europe ] and even an oolitic rock of Mio 
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cene age cAnnot be distinguished from the Great Oolite of the 
JorasBic period. 

These facts are most valuable, as shewing that at all pe- 
riodfl sedimentary rocks were formed, as they must now bo 
forming, at the bottom of the sea, from the detritus of ad- 
joining land, by the aame ajjencies of dtsintegration as aro 
now at work ; and that then, as now, gravel, sand, and mud, 
were the forms which such detritus must have taken, to be 
afterwards compressed together, and consolidated by a v*- 
riety of causes acting more or le.?a intensely in different situa- 
tions. 

But Sir R. Murchison also observes, that the connection 
hetvveen the character' of the fossils and the nature of the 
matrix in which they are imbedded, is more pointedly brought 
before the observer who ranges over the houndlesR tracts of 
Rassia, than in any other country which be has examined. 
Notwitli standing the absence of violent dislocations, the va- 
rious Russian formations, though horizontal, or so nearly so, 
that tbey may be all conaidered conftirmable t« each other, 
are as distinctly spparable by their included remains, as in 
those typical and dislocated tracts where geologists first 
worked out'their oi*der, And these observations hold good 
in the newer as well as in the older deposits ; thus, in the 
regions of the Volga^ greensand, ironsand, chftlk, and chalk 
marl occur, in which the same groups of fossils prevail as in 
the rocks of Britain and France, which hold the some rela- 
tive place in geological succession ; and pure white chalk, 
containing some characteristic organic remains, extends from 
the British Isles to the confines of Asia. 

That 80 vast a tract of country, unlike most other parts of 
Europe, has been so little broken up locally by igneoufi erup- 
tive rocks, may perhaps, with great prohahility. be aticribed 
to this, that a safety-valve was opened, an enormous crack 
orcleft-'waa made on the east, by a subsidence of the coun- 
try on the west, through which the pent-up clastic force and 
the molten matter escaped, and thus the high pressure was 
taken off from under the broad expanse. The Ural Moun- 
tains, bounding Russia in Europe on the east, are a compa- 
ratWelv narrow ridge, made up of igneous rocks and sedi- 
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mentary palnoBOK depovitfl ; autl through fract«u*es ia the 
Iftttyr tiie igneous rocks were enipted, aft«r having pro(lac«d 
in them those changen of structure which wc call inotaiuor- _ 
phio ; that is, having caused them to change their onginal I 
churaeierft. and assume a crystalline a8pect>, — the Ibrce act- 
inj; with fmch intensity as in many places to overturn tli« 
strata, aiid bo invert the order uf superpositiuu on the flanks. 
But it has not been by one great fissure only that tbe igneous 
rocks hare been erupted ; " other parallel uuiburata and up- 
heavals have taken place along the same line at subsequeni 
epochs ;" and the authors shew grounds for belief that the 
present form of these monntotns ivas the resalt of more than 
one elevatory process, and that there was a period when, aa 
ft low ridge, they formed the western shore of a great oonti- 
nent to the east> that now called Siberia, and oven at so re- 
cent a period as when that continent was inhabited by large 
quadrupeds closely allied to existing species. TheUnUaex- ■ 
tend from Nova Zemlia to the Caspiaji, tlirouvb nearly tliirty 
degrees of latitude, in a direction nearly noi*tli and ftuuth, 
hut sending off branches to the east and west at both extr»- I 
mities, one of which, on the north-west, the Timan range, was 
first exploited geologically by .Count Keysoi-ling in 1843 ; and 
in no part uf this long line arc they divided by any great 
tranaverse valleys, nor does theii* general altitude exceed 
from 2000 to 2500 feet. No parti* of the autlior's descrip- 
tions are of higher geological interest than tliose in which 
they Bpeak of the Urals ; and to some of the more striking 
features of that chain of mountains I shall afterwards more 
particularly refer. 

The immediate substructure of the whole area of Huseia in 
Europe is composed of the palaeozoic rooks, which, on tfae 
dortheru division, are covered by sand, clay, and blocks. A 
narrow band of Silurian deposits, the older members of tliat 
group, Btretches along a great part of the shores of the Bal- 
tic, succeeded eastward by Devonian and Cai'boniforouft f«^ 
mations, each occupying a vast e.\tcnt of country ; and, lastly* 
that highest member of the pal»OKoic order of strata to which 
the authors have applied the tarm " J'ermUut Sifstem" the 
mofft widely spread of all, occupying a region mure than 
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the sice of the whole kingtloro of France. Of the whole rang* 
of the 8ecoad«f7 deposits between the Permian luid the ter- 
tiary, two only have been met with, viz., that divi»ion of the 
ovlHic series which incladea tiie Oxford clay njid itfi asso- 
«t»ted rocks, and in South Kassia cretaccons rocks, IncIudiDg 
a white chalk very WTniTar in mineral charnctera and Koologi> 
cal coatenta to fha;t of England. The oolitic rocks overlie the 
Permian, hot in detached masaes. and with a nnrprising nni- 
formity of character frum the ley Sea to the southern extre- 
mity of the Urals. There are, besides, but in Sonthem Rus- 
sia only, some limited tertiary districta, and of all ages, from 
i&ocene to Pleistocene. 

Tlie most remarkable feature in the phymcal geography of 
the country deacribed, and which may justly be aaid to be, 
in the words of the author, ■' one of the most singular fea- 
tures in the ancient condition of the surface of the globe 
which modem researches hare brought to light,'' is that ex- 
hibited by the region around the Caspian ; affording the moat 
tmequivocal proofs of great changes in the relative levels of 
the land and water, at a period geologically i*ecent. Over a 
vaat region a caJcAreo-argillaceons deposit exists in nearly 
horizuntul stratification, abounding in freshwater shells and 
others analogous to, and to a groat extent identical with, 
^eciea now living m the Catrpian, attaining, in some places, 
a thickness of 300 feet ; which appears to prove, that, at the 
time it was deposited, there existed an inland sea^ of bi-ackish 
water, exceeding in size the present Mediterpanean, and of 
which the present Caspian is the diminished relic. Of this 
remarkable deposit, designated " Steppe" and '" Aralo-Caa- 
pian limestone" by the authors, I shall speak more particu- 
larly when I refer to the Tertiary formations. 

This inland sea, althongh called by Sir R. Murehison a Me- 
diterranean, he does not the less consider to have been en- 
tirely separated from the Western Ocean of that period, by 
a barrier, produced by the elevation of the marine tertiary 
bed* of Miocene age, on which this Steppe limestone, in many 
places, is seen lo repose. To affirm with certainty that the 
surface of this inland sea once stood at a higher level than 
UMft of the Caspian at the present day, and which, according 
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to very careful luoasuruineDU recently maUo by order of the 
RuHKtan Government, is now proved to be 83'6 feet below 
the Black Sea, would require a moat extcDsive series of local 
observations and lovelUngs around the region occupied by 
the Steppe limeBtoue, attended with rory great difficulties. 
It is the opinion of Aome travellers who have carefully ex- 
amined parU of thia region, that, during the historic period, 
and within modern times, the sorface of the Caspian has been 
diminishing, from the disproportion between the evaporation 
from so large a surface in that climate, and the sources of 
supply of water. "Whatever portion of tiie land occupied by 
the Steppe limestone is now uu a level with, and below the 
level of the Black Sea, may have been laid bare by this gra- 
dxial lowering of the water of the Caspian ; but whatever 
portion ia above that level, and the greatest proportion of it 
is so, must, it is evident, have been upraised ; and there is 
abundant proof of volcanic forces being in activity in that 
region to the present time. To endeavour to trace the direc- 
tion of the vast body of water that must have been displaced 
by the upheaved laud, as there could be no direct outlet to 
the ocean, would be an inquiry of gi-eat interest ; for it can 
hardly be doubted that there must be evidence of a deluge or 
deluges having swept over a large portion of that part of 
Asia, and more especially if the elevatory forces acted sud- 
denly. 

As the leiwling features of the physical structure and the 
great geological divisions of the continent of North America 
are well known, I do not think it necessary to give any ge- 
neral outline of the country described by Mr Lvcll in his 
lately-published " Travels ;' but I shall have frequent occa- 
sion to refer to the information contained tn that work on 
several poiuts of great importance, in speaking of some of 
the additions in the past year to our knowledge of the great 
groups of rocks, and to our better acquaintance with ques* 
tions of mineral structure, changes in the form of the land, 
and distribution of organic remains. 

1 shall now offer some remarks on the several great groups 
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fjf formations, and shall begin with tlip lowest fus!<iliferous 
deposits. 

Stlurian Bock: 

It is certainly remarkable, considuring the sbort time thiit 
lias elapsetl since Sir R. Miircblrton first praposetl the repa- 
ration of the lower beds of the palieozoic Btrata into one great 
Beriee, that rocks which apiwiir to be clearly made out ia be- 
long U) the Silurian Hystem should havu been already recog- 
nised in so many regions remotely distant from each other. 
That they constitute a great part of Ein-ope Iiaa hoen 8hewn 
by many writers. The geologists of the United Stiites and 
Mr Lyell have told ua how widely they are spread over the 
northern States of North America ; and we leai'n from Cap- 
tain Bayfield that they occur extensively all round Lake 
Huron ; northward towiii\la Hudson's Bay ; along the north- 
em flide of the valley of the St Laurence, eastward to the 
Strait of Belle Isle, and on the western troaat of Newfound- 
land from tlmt strait to its southern extremity. M. Ak-ide 
D'Orbigny has described them as extensively developed in 
South America ; and from Mr Barivtn we learn that they 
probably exist in thpFnlklaiul [i^laiida, adjoining the fai'theKt 
extremity of that continent. It is also more than probable, 
from the information we already possess, that they exist in 
Australia. The nicks were known, and had been partjally 
described, but they were not understood ; they were knoivn, 
ffiineralogically, and deposits separated by great intervalH 
of time were classified together, under the vague, uncertain, 
general term of gray wacke, or gray wacke-s late, or clay-slate, 
The clear development of the system, and lucid deacriptions 
of the normal types in the Silurian region of Britain, dispelled 
the obscurity that hung over the history of these ancient 
beds ; and now geologists are at work in all countries, mak- 
ing out the great features of resemblance, and registering 
those variations in minei-al and fossil contents, dependent on 
geogi'aphical position and other local causes, which are found 
to pnwail nmre or less in all formations. 

It appears to be now the opinion of those geologists who 
have most carefully and extensively t^tudied the aedimentar 
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rocks which contain the oldest tbnut* oud first traces of organic 
life, that from th« highest Iwds of the Lower Silurian rocks 
to the lowest deposit in which organic remains have been 
found, there had been no great vanation in the circumatances 
under which these beds were deposit<?d. altlioutrh there is evi- 
dence of a long duration of time, in which gi'adiml changes in 
animal life took place, some npeeieA diminishing in numbers, 
others becumiiig extinct, others continuing to exist thruuu;fa- 
out the whole range, and a few appearing in the lower por- 
tion of tiiesu beds, which, from a marked general change of 
forms, are elasaitied as the Upper Silurian rocks. This view 
you will see developed in the address delivered by Sir R. 
MurchLsou from this chair four years ago,* where he states, 
that the conventional line that had been drauii between the 
Lower Silurian and the Cambrian rocks beneath them had 
no longer any roferetice to sti-ata idcntitied by distinguishing 
organic remains ; fur the same fosaiU are found Ui strata on 
each side of that dt^marcation. lie also stated, on the same 
occasion, tliat " the zone of foasiliferous atnita charactei'ised 
by the Lower Silurian Orthida^ are the oldest beds in which 
organic life has been detected," and his holief that *' many 
of the subjacent rocks, sometimes even when in the form of 
gneiss, micO'Schist, talc-schist, chlorite 'Slate, &c., are nothing 
but metaniorphic rocks, in less nltered parts of which the 
same ty[iiual fossils are observable." In his recent work on 
Russia he asks the questions, " Can we lay open the earliest 
vestiges of animal life, and amid paltcozoic forms trace back- 
wards primeval history to a protozoic type I Can wc sepa- 
rate such protozoic strata fi-oni those which went before 
them, and were deposited ere life had bevH breathed into the 
waters ?"\ To the latter question I am disposed to answer, 
that the mere negative fact that we have not yet discovered 
traces of organized bodies in the lowest stratar* certainly 
does not warrant the inference that no living tJiing had yet 
existed, or our saying, tluit anif strata were deposited ** ere 
life had been breathed into the waters.'' If theso strata con- 
tain a particle of undoubted detiHtal matter, a grain of rolled 
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Mud, Uiey aiFord positive proof of tbo prc-exial^nce of land 
and water, and atinosplieric destructive agency to Buppl}> the 
iuat«rial8 uf these Hlrata, uiid the bt'd uf a sea Ui rccfive tUuiu. 
la it not highly improbable that this nea was untenanted! 
There must doubtless be a lowest stMliijientary stratum, the 
materials of which must have been derived from land com- 
posed of non-aedimentry rooks. By " non -sedimentary" I 
mean a rock, the formation of which may, with the greatest 
probubUity, be ascribed to igneous action. Whether it was 
granite, or any other form of igneous rock with which we are 
acquainted, we cannot tell : because of the great uncertainty 
as to how far the lowest sedimentary deposits have under- 
gone changes by metamorphic action ; but that silica and clay 
and very little lirae entered into its L-omposition is evident 
from the predominance of the two former earths in all the 
oldest strata, and tlie coutparative rarity of lime. 

But animal and vegetable life may have existed while the 
land that affottled the materials for the first sedimentary de- 
posits was wholly composed of unstratified rocks. Nor is it 
neceasfl-ry to have recourse to the obliteration by metamor- 
phic action in sill cases wlure there arc no traces of organic 
remains. We have leai-ned from the valuable report by Pro- 
fessor Kdward Forbes of his researchea in the iEgean Sea, 
that there are profound depths in which no animals and no 
vegetables seem capable of living; and thus, as there may 
be now, and probably are, deposits of vast thickness produce<i 
without organic liMjdies having ever lived in or upon them, in 
the profound depths of the Atlantic and Pacific Oceans, so is 
the absence of such remains in any stratum no proof, that 
when it was deposited there miglit not have existed above it 
a sea teeming with life. I cannot support this view better 
than by quoting what Professor Forbes says on the subject : 
** As in the sea tiiere is a zero uf vegetable life, so, we may 
fairly infer, is thei*e one of animal life. All deposits formed 
below that zero will lie void, or ulmust void, of organic coo- 
tcots- The greater part of the sea is far deeper than the 
point zero ; consequently the greater part of deposits form- 
ing will be void of orgimic remains. Hence we have no right 
to infer that any sedimentary formation, in which we find few 
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(HT no traces of tinim&l life, was formed either before animals 
were created, ur at a time wheii llie seu was less prolific in 
life than it now is : it might have been fonmnl in a very deep 
sea."' 

The muddy waters of the Amazon stretch 300 miles into 
the Atlantic Ocean, and their Hedintent niuttt be dei)osit«d in 
depttis far below the zero of animal and vegetable life. Un- 
less, Uierefore, portions of dead organisms be transported doim 
steep slopes by submarine currents, from a shallower aea to 
those depths, and be mingled with the sediment, rocks must 
now bo forming over the bottom of the Atlantic Ocean, which, 
when upraised in future ag-es, will exhibit as few traces of 
living bodies liaving existed when their component parta were 
deposited, as we can discover in the slates of Wales and of 
Westmoreland. 

We have received as yet only a part of the results of the 
labours of Professor Forbes, and wait with impatience for 
his gi-eat^ir work ; but what he has already made known to 
OS of the changes that take place in organized bodies in dif- 
ferent zones of depth, and in different sljitcs of sea-buttomr 
have so extensive a bearing upon many of the inferences 
hitherto dra\^'n as to the age of deposits, and to changes of 
climate from fossil contents, that some of our most esta- 
blished doctrines ought to be revised, and their soundness 
tested hy their accordance or otherwise with these conditions. 
Others hypothetieully anticipated that rocks might have been 
formed in deptbs unsuited ix* animal and vegetable life ; bat 
Professor Forbes was the first, I believe, to establish, by 
actual observation, that such is the fact as t>u depth, and also 
the fit'st to shew, as an element of geological reasoning, the 
connection that subsists between tht. nature of the neu-bottx>tH 
(often changing on the same spat) and the living bodies it 
supports, and thus to demonstrate the existence of laws of 
the highest geological impui*tancc, and which must have pre- 
vailed thi*oiighont the whole range of formations. 

Among the communications read before the Society since 
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tl>e la»t AnniverRary, we have had two by Professor Sedg- 
wick on the comparative claaaitication of tlie foisillferoua 
strain of North Wales with the coiTeHpon<Hng deposit* of 
Cumberland, ■Westmoreland, and Lancashire, both of them 
in continimtion of his memoir read in November 1843- I 
will not attempt tu give aay abstract of tht- t-ontents of theae 
papers, because I could not do so, to any useful purpose, 
without extending my observations ta an inconvenient length • 
but 1 recouimeud all who are desiroua of acq^uiring an accu- 
rate knowledge of the geological topography of those parts 
of our island, and of becoming acquainted with many foots 
that thi-uvv light on that obscure and difhcult part of geology, 
to study the memoirs themselves; those of 1843 and of 
March 1845 are published in the first volume of our Journal, 
and the last of them will appear in the number of next May. 
It is to Professor Sedgwick we are mainly indebted for the 
knowledge we possess of the geological structure of those 
parts of our island : it was he who first grappled with their 
very complicated and dtrticuit conformation ; fur nearly 
twenty years he has been labouring ta decipher their ob- 
scure and complex clmraeters; and, Mince the discovery of the 
Silurian key, he has been enablL'd to make out a clear and 
intelligible outline of the history of these regions, which, for 
a long time, geulogists seemed to shrink from all attempts 
to understand. Let us hope that the learned author will 
soon gather tflgether his scattered materials, and bring out 
a new edition of his work, with all the correctinns and illus- 
trations which his latest observations enable him to supply. 
When we have that vihlumc. nnd can study it with the com- 
mentaries.and the additional illustrations of accurate sections, 
which we in [tart have, and may soon look forward to receive 
from Sir H. de la Beche and his fellow -lab uurers in the Geo- 
logical Survey of Great Britain, we shall possess a vei7 full 
correct knowledge of these older i*edinientary deposits* 
tlie igneous rocks with which they are associated, and 
therefore of the most remote periods of geological history; 
and we may, perhaps, then indulge in a little excusable na- 
tional vanity of possessing another sttindnrd with which the 
structure of extensive and dLntant regions of the earth will 
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be compared, in addition to whut we already have of many 
of tbe polwozoic and secondary formations. 

A paper by Captain Bayfield read before ub last April, and 
publiahed in November lu our Journal, gives us much im- 
portant information on the Silurian rooks that prevail to a 
(»reat extent in Canada ; and we ai*e indebted for a more 
&cciu-ute knoM'ledgc of Che Ranic class of rucks in the Isle of 
Man to the Rev. J. Cumniing, in the first part of a descHp- 
tion of that island, read last June. 

Wo learn from the " Geology of Russia/' that both in that 
country and in Scandinavia, a series of ancient depositA 
cover a gi*eat tract of country, which, in all their |>reat fea- 
tures, and often in theii' minute characters, are identical with 
the Siliuiaii series of the British Isles, and that they are J 
equally divisible into two distinct groups, and are also over- 
laid by a true Devonian formation. In the central and ' 
soiitJiom parts of the continent of Sweden, the lower Silariaa I 
rocks (inly occur, but th« adjoining islands of Oesel, Dago, 
and Gothland are mainly composed of Upper Silurian rocks- 
affording better types than Wenlock or Dudley. Describing 
the rocks near Katclikanai', on the eastern flank of the Urals, 
Sir R. Murchison says, " The banks of the river Is are com- 
posed for a considerable distance of whito limestone, thickly 
tenanted by large Pentamcri, some Trilobites, and shells ■ 
which we hailed as trae Silurians, and worthy of the very 
region of Caractacus. We were enchanted when we disco- 
vered myriads of them un distinguish able from the Pentame^ 
rus Kni;;h{ii ; so that, seated on the grassy banks of the li», 
we might for a moment have fancied ourselves in the mea- 
dows of the Lug at Aj-mestry.'' Of the Lower Silurian fos- 
sils of Russia (i few only are absolutely identical with forms 
of the same age in the British Isles ; but the mass of them 
is easentially the same as that of tJie mainland of Scandi- 
navia ; which region being intermediate between England 
and Russia, is found to contain a considerable nimiber of 
forms common to deposits occupying the same position in 
both the other countries. In the lowest part of the Lower 
Silurian rocks that skirt the southern shores of the Baltic, a 

it occurs so abounding in a miuute shell, the Ungulite or 
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Obolttg (which has a great affinity to the Lingula), as to form 
entire budti. Uere we have a parullRl tr> tho»e beJn in the 
Silurian series of the British Isles, abounding; so copionsly 
in the Lingiila attrnitafa. It is also a parallel to beds occur- 
ring at a I'ar more distant jinint, on the opposite aide of tlie 
Allautic. Mr Lycll, in de»mblng the IMtsdaui sandstone, 
the lowest membei' of the Silurian serie» in North Americs, 
a3 it occurs on LaJte Champlain, Hays, " In many places this 
must aucient of the fossiliferou» rocks of JJew \ork is 
divided into laminae by the remains of innnmerahle shells of 
the genus lAngulu. They are in such profusion as to form 
black scams like mica, for which they were at first raistaken. 
It is highly interesting, that in this lowest fossiliferous bed* 
one of it« commonest organic remains should belong to a liv- 
ing genuit, and that its fumi should come very near to species 
now existing. Throughout so vast a scries of ages has Na- 
ture worked upon the same model in the organic world !" 

The Silurian system of the northern countries of Europe 
is, as a whole, closely analogous to that of Crreal Britain ; 
and it proves that wherever the sediments of the same age 
in the two regions re acmble each other in lithological tex- 
ture, such similaritv is accompanied by a close approximation 
and frequent identity in the associated organic remains. 
When the fossils from the Silurian beds of Northern Kurope 
were cnmpnred, Mr Lycll informs us, by M. de Vemonil 
with those brought by him ft-om America, there was a great 
distinctness; hut the represcntiition of gnneric forms, whe- 
ther in the organic remains of the Upper or Lower Silurian 
strata, was most clear and satisfactory. The geologists of 
New York make three distinct grunpa in the Lower Silurian, 
and four distinct groups in the Upper Silurian series of that 
oonntry, and Mr Lyell is of opinion that these divisions are 
baaed on sound principles; that is, on mixed geographical, 
lithological, and palaiontological considerations; the analogy 
of European geology ti^aching ua that minor subdivisions, 
however useful and important within certain limits, are nevar 
applicable to contrtries extremely remote fi*oni each other or 
to areas of indefinite extent. Tiie Silurian rocks are deve- 
lojwd in North America on » great scale, and, like those of 
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Rusain. fti'e little disturbed from llicir oricinal horizont&lityr 
making the order of their ri*lative poaitions clear and unequi- 
vocal in both couutriefl. lu litbological characters there is 
a considerable resemblance on both sides of the Atlantic — 
mudatoneH, »and8toneR. and liiiieatonei^ prevailing. In Ame- 
rica, however, there is an intercalated group iu the Upper 
Silurian system, to which nothing analogous haw yet been 
obsen'ed in Europe, »a far ajt I am aware- Tt cansiBt« of 
red, green, and bluish marln, with beds of gypsum aud occa- 
nional salt^springs, the whole being from 800 to 1000 feet 
tiiick, and iin distinguishable from parts of the ITpper New 
Ued Sandstone or Trias uf Europe. A similar intercalated 
group of red and green argillaceous marls, with gypsum and 
Bait-springs, is mnt with in the middle of the Devonian group 
in Russia. Thii^ occiin'ence of gypsuui and muriate of soda 
aaaociated together in tlie older strata, as they are in the 
Pliocene, aa well as in many intermediate periods, is a re- 
markable circumstance ; and it would be an investigation 
well deserving the joint labours of the chemist aiid the geo- 
logist, to endeavour to account for the origin of theae chemi- 
cal formations. 

With regard to the fossil contents of the Silurlau beds of 
North America, it appears that " while some of the speciea 
agree, the majority of timm are not identical with those found 
in strata which are their equivalents in age and position on 
the other side of the Atlantic. Some fossils which are iden- 
tical, such as Atrypa nJftnU, Leptami dcpreitso and T^^pf/ma 
euff{t//i/ui, are preciscdy those shells which have a gi*eat verti- 
cal and horizontal i*ango in Europe — species which were 
capable of surviving many successive changes in tite eartli's 
surface, and for the same reason enjoyed, at certain periods, 
a wide geographical range. It has been usually affirmed 
that in the rocks older than the carboniferous, the fossil 
fauna in different parts of tlie globe was almost everywhere 
the same ; but Mr LycU adds, " that., however close the gene- 
ral analogy of forms nuiy he, there is evidence in the Silu- 
rian rocks of North America of the same law of variation in 
space as now prevails in the living creation ;" and in another 
place he states, tJjat, with regai*d to the proportion of species 





common to the Siluriau beds uf Kuru(>e and Amrrica, whe- 
ther of the upper or lower division, he can confidently atfirm» 
that it is not greater than a ratTinUiRt would have antici- 
pated, from tJie &n&\ogy of the laws i^verning the distribu 
tion of living invertebrate animals. 

While the remains of fucoid plants are Tret with abiin- \ 
dantly in the Silurian rocks of Europe, and in the lowest 
members of tlie serlt-s, I am not aware that finy voBtiges of 
land plants have yet been discovered in tlipni. Sir R. Mnr- 
chison says, that, in the older pahuozuic rucks of Russia, he 
met with no signs of terrostritil fossil vegetables. Fucnida are 
plentifully distributed through every pari of the eenes in 
North America ; and Mr Lycll also states, that, in the Haiiiil- 
ton group, which corresponds in many of its fossils with the 
Ludlow rocks, and which, singularly enough, is met with In 
tJie neighbourhood of Ludlowville, renuiins of plants allied to 
Lepidodendron have been found associated with fossils agree- 
ing perfectly with European t^'^pper Silunan types; and that 
Dthcp plants allied to these, and ferns, have been met with 
in the lowest Devonian strata of New York, associated with 
il shellri closely allied to the StlunHu. Thus we have 
ona! jiTOof, if any were wuntingj uf the existence of dry 
land at the time of the deposition of these Silarian beds. 

Devonian Rvcki*. 
The Silurian rucks of Russia In Europe are covered ron- 
furroably by deposits, the identity of which, with the Devon- 
iftOj or old red sandstone, series of the British Isles, ^ir R. 
Miircbison and his companions clearly made out. They 
extend over an area of not lesw than 150,000 square miles, a 
superficies gi'eatcr, by nearly one-third, than that of (ireat 
Britain and Ireland together. This tTionntony of feature over 
to vast a space is even gfe^-lly surpassed by the Permian 
^cks ; and when it is considered that this tmiformity is com- 
bined with a stratification rarely deviating from the horizon- 
tal, never thrown up into natural sections, and that the in- 
vestigation of them can only be carried on where the beds 
we exposed in the banks of rivers, geologlHts can appreciate 
be tedium and labour of exploring such a country, and can- 
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not too highly pn»i»« the patience nud perseTerance of Sir 
K- MurehiHon and hi« fellow-travellors. 

Although reco|fntao<i by n remarkable dcgrw of identity 
in fosRil contents, and csiwcially iu regard to icbthyolites, a* 
u dtJiwsit of the (Mime age a.s the old i*ed Aandstone in our owii 
country, it is litholoj^cally very different in most places. 
Sometimes it is made up of nitmorous alternations of Hat- 
bedded, light yellowifth limestones, often so impregnated wTth 
magnesia as to be ncarcely ditttinguiAhable from some of tlie 
magnesian limcHtones of England, or the Zechstein of Thu- 
ringia ; at other times it la composed of red and green flags 
and marls ; and, on the flanks of the Vrals, this series is re- 
presont^l by black and calcareona slaty maaaes. Moreover, 
it iu comparatively rare as a red sandstone. But the fishes 
and shells the beds contain soon rectify the mistake as ii\ 
the true position of thewe pocksj into which their mineral as- 
pect alone might lend the most experienced geologist, ehould 
he not have aii opportunity of seeing them reposing on true 
Silurian rocks, and covered by carboniferous strata. In re- 
gard to the evidence from fossil contents, it is socompletein 
these Russian deposits as not only to establish their own 
position, hut to corrffbnrate the soundness oi the reasoning 
which unites the old red sandntone of Scotland with the slaty 
limestones and schists of Devonshire and the Continent ; for 
they contain the characteristic fishert of the former, and the 
molluscs of the latter. The exainttiation of Russia, Sir R. 
Murcbison fui-tber observes, has afi'orded numberless proofs 
that the iehthyolites nnd molluscs which in Western Europe 
are aoi«ir.»tely peculiar to smaller deta<'hed basins, were there 
inhaliitaiit-s of many parts of the same great sea. Of the 
known Russian icbthyolites. two-thirds are specifically the 
same as those of tbe sanie epoch in Great Britain. 

The neighbuurhood of Bbrpat in Lithuania is a very re- 
markable locality for the icbthyolites of this age; they are 
iliere met with of so gignntic a size, that tliey were supposed 
to belong to ^auriiiiis, until the closer examinations of Pro- 
fessor Asraus of Borpjit, M. Agassiz, and Professor Owen* ■ 
dtsclos(Ml their true nature. A note by Professor Owen, in 
the Appendix to the " Geology of Russia," is highly instruc- 
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tire, a« Rhcnnni; the ^roat impoi*tance of an esaniiiiation of 
the interna! stnicture of the Ruhatance of fossil tueth hy the 
microscope, in detorniining the clflsses of «nimals to which 
they have belonged. He points out, by a striking illustra- 
tion, how the microsropic Inbours nf the philosopher, in hia 
closet, may hove the most iinportttut cft'cct on questions 
that appear to be far remote from the subject of his inquiry. 
Had tlie teeth, under con side rati on, Cimtiiuied to be held to 
belong to Saurinns. the matrix lu which tbey ai'e imbedded 
having ft close resemblance in minenil character to magne- 
Aian limestone, or to members of the new red sandstone 
Benes, borings for coal might have been carried on in many 
parts of Russia, involving vast losses ; but the tet-tb having 
been proved to belong to a elass of ti»hea that are character- 
istic of the old red sandstone, all expectations of Hnding prn- 
fitable seams of coal are known to be vain. 

If we now cross tlie Atlantic with Mr Lyell, and visit the 
Silurian region of North America, we find that series of rocks, 
covered by others, having characters corresponding with those 
of the Devonian group in Europe. The rocks of the Appa- 
lachian chain consist of deposits of the Silurian, Devonian, 
and Carbonifei*ou8 periods. A deposit called, hy the Ameri- 
can geologists, the Waverley sandstone, which, Mr Lyell is 
of opinion, corresponds with the old red sandstone of Europe, 
intervenes in tlie state of New York between the coal-beds 
and tlie Upper SiUiriaii groups, in strjita of considerable 
thickness. On the western side of the Alleghanies, ut Ports- 
mouth on the Ohio, the siiuie formation also occurs, but 
greatly diminished in thieknoss, some of the subordiiiate beds 
being reduced to a verj- thin sljite, others entirely lost, con- 
formably with what is observed in uther aandetones and asso- 
ciated slates and shales in that country, viz., by a grtuliial 
Uiinning of the beds as they extend westward, and as they 
become more distant from that great oitstcni continent, now 
ftunk beneath the waters of tlie Athtiitie, from whicli the ma- 
terials composing them nuist have been derived. 

Our knowledge of the uld red sandstone or Devonian group 
has been much advjinced by the monograph of the fishes of 
that series uf de^tosits hy M. Agasslz, whicli has just been 
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completed ; n work of tlie highest merit, in which the skill 
with n-hicli the anatomy of th« singular formR of that earlie&t 
ci'eatiuii uf fiHheH is worked out in <|uit« admirable, and which 
also contains many highly important general views. This 
work wa8 undertjiken at tiie roqueitt, and has been carried 
out hy the assiHtiince, of the British Association, uud is one 
of the many valuable giftH for which science is indebted to 
that body. 

The bislury of the old red sandstone sapplies a useful 
lesson to geologists, by shewing them the danger of coming 
to hoaty conclusions, and founding generalizations, on nega- 
tive evidence. The formation itself was long supposed to be 
confined to a limited poi-tion of England ; it is now known to 
extend over large districts in the British Isles and oil Uie 
Continent of Europe. It is most extensively developed in 
the northern and western parts of the United States, a« may 
be seen by inspecting Mr LyelL^s Map ; and we learn from 
Captain Bayfield, that u sandstone which prevails greatly in 
Upper Canaiia, and which may be traced all round Lake Su- 
perior, resting on granite, appears to be of the same age as 
the old red sandstone, or Upper Silurinn ; and he also ob- 
served in the district of Gaspe, at the south entrance of the 
river St Tiawronce, a calcareous sandstone with Devonian 
characters. It aj^pears, too, from the work of Mr Strzelecki 
on New South Wales and Van Diemen's Land, published lost 
year, tliat the greater part of the pailaeDztiic rocks he examined 
in Australia and TaHuiania ai-e the equivalents of the Devo- 
nian series. In like manner, tliis bed wa.s long held to be 
baiTen of urgaiiie remtiius ; -Sir Henry de la Beche, in the 
third edition of his " Manual of Geology,'' published in 1833, 
which waa nn doubt briiught up close to all that was known 
at that time, says, " Few organic remains have been dis- 
covered in that rock.'' When M. Agassiz, in 1833, began 
the publication of bis " History of Fossil Fishes," be knew 
of none older than the coal-measures, and only a small num- 
ber in tliem ; and lie telU us, that when he Arst learned Uiat 
fiabes had been discovered in the old red sandst^me. during 
his visit to Scotland in 1834, not morp than four species 
were known. Five veurs afterwards, when Mr R. MurclU- 
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»tm pnblisbed his " Siliirian SyBtein," ten genera and seven- 
teen species uf fishes, and fifteen ^iicra and twenty-three 
specieR of mollnsca, arc enumerattd by him as belonging tfl 
the middle and Inwer Devonian bedfl. In the recent work 
on RuHsia. M. de VerneiiU eiiuintTates forty-six species of 
'fishes and sixty-six species of molluaca. which he and his fel- 
Iniv-travellerB found in the HUiue group in that country. M. 
Agassiz, in hia " Monograph of ttie Fishes of the Devonian 
System,'' raises tJie number of genera to forty-three, and of 
species 105, belonging to six or seven families ; and he tells 
us tliat Monte Bolca itself, hitherto reported to he the loca- 
lity of all others roost rich in species of fossil flshes, does 
not contain a greater number; adding, that, oa only a com- 
paratively small portion of the rocks of this system has been 
examined, many additiouK may be expected. M. Agaaatz is 
shortly going, it is said, to North America, where he will 
very likely discover many new fortnR. It is gratifying to 
find him ascribing tlie main success of his researches in this 
■field " aux i-echerchcs pcrstvcrautes et au zclc infatigable 
des g^olognos Anglais." 

But not only is there this great variety of genera and 
Bpeciea, but the number of individuals found in some locali- 
ties immense. Thus, in some parts of Russia there are brec- 
cias Rlmoftt wholly composed of the scales and plates of the 
Ast^njlepis, and the remains of the Pterichthys ai-e so abun- 
dant in the geodes of Lethcn Bar, in Nairnshire, as to have 
been collected in cai-t-loads. But our wonder is not alone 
excited by the great variety and number of vei-tebrate ani- 
mals of a high organization in strata so very low in tin? order 
of formations ; there ai'e many most remarkable features in 
the history of this early part of the animal creation which the 
researches of M. Agassi/, have brought to light; for t^iese, 
however, 1 must refer you to the work itself. 

M. Agassiz, in speaking of the lowest be<lH in which the 
remains of fishes have been found, makes the following im- 
portant observations on the probability of their existing in 
•till lower beds : — " If we have not yet been able to recog- 
nize remains of fishes below the Lower LuJtow rocks, I do 
Dot think that we ought from that to conclude that fishes do 
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nut exist even in ibe oldest of tlic foAailifemua beds ; fur 
Uicir extraordinary abundance id tim Devonian eei'iea, and 
the distinct recognition oK them in certain Silurian beds, 
where^ it is true, they am but imperfectly preserved, suA- 
ciently indicates, tliat on ittt tirst appearance, that claBs of 
animaU was contemporary with the development of tbe types 
of all the ela8B«B of invertebrate anioiaU." 

Mr Lyell states, that the lowest rock in which ichtbyoUtes 
have been traced in America is the Clinton jB^roup, which iii«j 
be considered the bottom of the Upper, or top of tlie Lower 
Silurian series. Ichthyolites have recently been found ia tie 
Wenlock shale : anotlier step in descending order, and so&r 
in support of M. Agassiz's views. 

Thf Carfioni/ervug StrU'jt. 

Although rocks of this age co\'cr a great extent of countr)' 
in European Russia, extending over a tract equally vast ia 
horizontal extension with that occupied by the DevouiftD 
series, there arc few places, except in the coal-field of ti» 
DoneU in the south, wliere the coal-seams are more tJian a 
few inches in thickness : and where they arc thicker, tbey 
are so poor in quality an to be rarely worth working. The 
great coal-fieldti of England, Fratico, Belgium, and America, 
have no well-mai-ke<l equivalents there, nearly tbe whole uf 
the coal-beds in the empire being, like those of Ireland and 
the coal-fieldu un the banks of tlie Tweed, includeU lu the 
lower members of the system ; which, with the sandstones, 
shales and marls, are the equivalents of oui- mountain lime- 
stone, as is proved by the identity of a large series of foasiU. 
From a section of the works at Lt^ititchia-Balka, on the riv«r 
Donetz, we learn, that in a depth of 900 feet there arc tweWe 
fleams of coal, the united thickness of which amounts to thirty 
feet; they are associated with sandstones, grits, and shales; 
and eight beds of sandstone are intercalated (containing, from 
the uppermost to the lowest, marine shells), the united thick- 
aess of which 18 Afty feet, three of the beds of limestone 

ting directly on the coal. Many of the forms of Eqni- 
Tetaeea, Onlaniites, 8igillaria}, and Ferns, are of the same 

fcies a« those of the west of Europe ; and the carhouite- 
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rous faana of Russia can4«inA numerous forui.t ideutical wiUi 
thcM in the Bume class of njcks iti the British Ules. 

A glance lit the geohigical map wliich at'companies Mr 
Lfell'a "Travels," shews the enormoua develojmieiit of the 
coal aeries in the territory of the United Stateti, aud that it 
occupieii no inconaidoi-able space in Nova Scotia and New 
Srunswick. We learn from the report of Mr Logan, on the 
Geology of Canjuia, which J shall presently refer to, that a 
great coal-field covers nearly the whole of New Bi-unswick, 
a considerable part of Nova Scotia, Cape Ilretnn Ishind, and 
the south-west corner of Newfoundland, The greater part 
of the carhouiferous series in North America helongs Xa the 
upper portion, and not oalv abounds with numerous and thick 
beds of coal, but. on the western side of the Alleghanies 
esjiecially, they are ho little disturbed, and lie so nearly 
horizontal, tlnit the coal la quite caBy of access ; and where 
the strata are intersected by rivers, it can be obtained with 
little trouble or expense. The great coaltield of Pennsylvania, 
Virginia, and Ohio, extends cantinuously from noi-th-cast ia 
Jknith-woat for a distance of 720 miles, its breaiith beins; in 
•ome places 180 miles.* That extending over parts of Illi- 
nois, Tndiana, and Kentucky, is not much inferior in dimen- 
sions to the whole of Bnglatid, aud consists of horizontal 
strata, with numerous rich seams of bituminous coal. An- 
other carbon iferon 8 deposit. 170 miles by 100. lies farther to 
the north, between Lukes Mi::Iiigun aud Huron. I may give 



• On Iho I7tlmf tfnpdi I ror-oivnd u, luttrr frwni Mr LjpII, JnUiii the l6Ui 
of February, at TasoJugiia in Alsliuiitu, CDtititiniag h notico on Uiu AlutiaoiH 
OMl'field, Bud which was rend at th^i 0<roli>giciil Uoniely on ttic U^th cif MiLirh. 
H« states thnt hv tinil Ikicii cunmining thrr'9 ronl-fieldfi, the CKist«nco of which 
iruB unkQDwn to him whim tic riimpiti'rt hip Mnp in 18J<. Thrj ocrnr nour 
TntcalooM. in the c«ntn! of AlnJininn, mum tltikti lorj tnilcm further POuth lo n 
Afnot line (kian the touth«ra Limit which Iip hiuL a«Kigni>il bu Uie A{>[i&lB(.'liiaii 
eotl^dd. ntul are situatipd qd t)\v Turn bFrljco, 4irent Wnrrior, atxI l-'nlmtrbK 
riv«ra. Thnt <m thr (ipwit Wiiri'ior rivnr \\a» l«'nn I'liuml l*^ Prwfiwiior Hrnaiby, 
of Hie I'nircrBiljr uf Tu£<.-nloii»». Ui b(i iiu I«kk Uinn tiiiii^ty rnilex lutig frotii 
■wfli UMi< (o euuth-wwtt, with n bromllU of frunj thirty tu forty niilci*. Thcne 
taal'4M'ilt ar« pcM^one uf tiw groat Appu-lachiiui oaal-fimJd, witJi tliv immv 
wltMral and |julir<ODtolug!i:Bl chiivar-tora. Mr Lyrll prmaitua h luure J«Uilletl 
Kcouot of hia oinervationa. — Ayrii 3. 184(i. 
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the following as an example of* the almitst boundless re- 
sourcea of fmsl which this country aflbrtlR. At Brownsville, on 
the Ohio, i\ww is a seam, t«ii fuot thieb^ of goud biiuminons 
cool, commonly called the Pittflburg seam, which may he ful- 
lowod the whole way to Pittsburg, tifty miles distant- "The 
boundaries of this seam have been detennined with nonsider- 
able ftfcurn<7y by the Professors Rogers in PcDDsylvania, 
Virginia, and Ohio ; and they have fonm! tte elliptical arc* 
which it occupies to be 225 miles in its lon^st diameter, 
while lis mnximum breadth is about 100 miles, giving » 
luperficial extent nf about 14,000 square miles." 

Mr Lyell states that at Blossberg in Pennsylvania he was 
much struck with the surprising analogy of the coal-measures 
to tJiose of Europe in mineral and fossil characters. The same 
grits or sandstones are found as those* used for building near 
bklinburgh and Newcastle ; similar black shales occur, often 
bituminous, with the loaves of ferns spread out as in a her- 
barium, the species being for the most jMirl identical with 
British fossil plants ; there are seams of good bituminoas 
coal, somu a few inches, others several yards, in thickness, 
associated witlt beds and nodules uf clay ironstone ; and the 
whole series rests on a coarse sri'it and conglomerate, con- 
taining quart.7. pebbles, very like our millstone grit. The 
same similarity of mineral and fossil characters to European 
coal-measures is found to prevail throughout North America. 
That remarkable circumstance of the very general occurrence 
of a sandy clay ubuuihding in Stigmarite, beneath the seams of 
coal, obsen'ed in the Welsh and other coal-fields of Britain, 
is also foimd to prevail in those of North America. Mr 
Lyell saw numerous instances of this : thus, at Polt^ville lu 
Pennsylvania, there are thirteen seaniB of antliracitic coal 
(true bituminous coal supposed to be altered by metamorj)hic 
action, a subject to which I shall allude hereafter), several 
of them from eight to ten feet thick, and in a vertical posi- 
tion : on the side which had been the roof of the eoal, con- 
sisting of shales, he observed nunierona ferns with stems of 
Sigillaria, Lepidodendrou, and Calauutes ; un the other side, 
that which had once been the Hoor, he found an underclay 
with numerous Stigmarirc, often several yards, and even in 
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tome cMes as much as thirty feet long» with their leaves or 
rootlets attachod. 

ThmrtM of thu Formation of Coal, 

It is scai*cely poaaible to vis'tt a coal-field, or to reatl tJie 
description of one, without being led to theorize on it« mode 
of fopnmtion. The orif^n of coal has long been a subject of 
great difficulty, uor ha;!f any theory been yet advanced with 
which it ha;s bceu possible to reconcile all the appearances 
which the coal-measures exhibit, all the variety of forms iti 
which coal in found. Indeed the more closely we examine 
the plienouieua, the uioi*e do we feel the ilistaiice we are 
Itoui a satisfactory cxplaoatlou of them. Accui-diug to some 
geologists, coal-seams and their accompanying sti*ata aru 
aaiuuulations of land plants and stony detritas earned down 
by rivei>s into estuaries, and deposited in the sea, where the 
Tegetable matter undergoes changes that eonvei-t it into 
raiL Otliers axf> of opinion that coal is the altered residuum 
of ti-ees and smaller plants that have grown on the spot 
wliere we now timl them ; that the forests were submerged 
tod covered by dctrital maltcrt which was upraised to form 
I foundation and a soil for another forest, to be in its turn 
submerged and ronvorted into coal, and that thus the alter- 
nations which the vertical section of a coal-field exhibits are 
to be accouuted for. 

In the works uf the last year to which I have u-hiefly re- 
ferred, we find the former theory maintained by Sir R. Mur- 
chisoQ as most generally applicable ; Mr Lyell is more inclined 
to adopt the lattflr. Sir R. Murchison dwelTw upon the facts 
of the alternations uf coal with Hiuestuues cuntaJuing marine 
remains, which are so ft*equently met with in most countries 
where coul-Hehls prevail ; and as a stritting instance of this, 
he refers to the Donetz tioal-field, which I have already alluded 
to. A remarkable example of a similar kind, occurring in 
Maryland, is mentioned by Mr Lyell. At Frostbui-g, h black 
fchale, ten or twelve feet thick, fidl of marine shells, rests on 
ft seam of i-oal about tl)i*ee feet thick, and 300 feet below the 
principal seam of coal in that place. The shells are refer- 
I'ftblc to no less than seventeen species, and some of tliem are 
VOL. XW. SiO. l.iXSl JLLY IS-ie. U 
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idenlicul with, and almoit all the reat have anearaffitiiiy to 
BpecieR found in the Glasgow and other coal-raeasm-ea. 

The theory which refers the coal to trees and plants whioli 
have grown on the spot where it now rests, is illustrated by 
Mr Lyell by observations he made in Nova Scotia, on the 
south shore of the Bay of Fundy. at a place called " The Jog- 
gins." He states that there is a ranjE^o of perpendicular cliffis 
composed of regular coal -measu res, inclined at an an^le be- 
tween 24 and 30 degrees, whose iinited thickness is between 
four and five miles. About nineteen scains of coal occur in 
the series, and they vary from two inches to four feet b 
thickness. The beds are quite undisturbed, save that they have 
been bodily moved from the horizontal position in which they 
znnst have been deposited to that inclination thoy now have. 
In these coal-beds, at more than ten distinct levels, are 
stems of trees, in positions at right angles to the planes of 
diratiAcation, that ia, which must have stood upright when 
the coal-measures were horizontal. No part of the original 
plant is preserved, except the bark, which forms a coating of 
bituminous coal, the interior being a solid cylinder of sand 
and clay, without ti*acc9 of organic structui'c, as is usually- 
the case with Sigillaria, and like tlie upright trees in tbet 
coal-measures cut through by the Bolton Railway. Th« 
treeSf or rather the remains of stems of trees broken off at 
different heights above the root, vary in height frora six to 
twenty-five feet, and in diameter fn)ni fourteen inches to fonr 
feet. There are no appearances of ivjots, but some of the 
trees enlat^e at the bottom. They rest upon, and appear to 
have grown in, the mass which now constitutes the coal- 
seams and under-lying shale, never int-ersecting a superior 
layer of coal, and never terminating downwards out of the 
coal or shale from which the stem rises. The undcrclay or 
shale often conttLins Stigmarise. Here then, he states, aro 
the remains of raoi*e than ten forests, whiuh grew the one 
over the other, but at distant intervals, during which each, 
from the lowest upwanls, was successively covered by laycra 
of great thickness of clay and solid stone, the materials of 
which must have been arranged and consolidated under the 
surface of water, and the vegetation of evory layer in which 
the upright trees are fixed must have crrown on land. 
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llio formation of coal-mcasureR like the above, and of all 

[others whei"e there is evidence that the vegetable matter waw 

Pet drifted to the place it now occupies, but must have grown 

Ion the spot, is then accounted for, by supposing, that the land 

Bank l>elow the level of adjoining water ; that graveU sand* 

land mud were washed down from the land that did not sink, 

|and formed layers of clay^and sandstone over the submerged 

forest, either in suflficieut quantity to rise to the surface of 

the water and form lan<l for the next forest, which was sub- 

{merged in itit tura, or that a contrary internal movement 

took place, which again raised the submerged land ; and that 

for every aeam of c«al, one above the other, a similar nerics 

[of changes must have taken place. It is to this oscillatory 

Kjoveraeut that Mr Lyell ascribes the fonnation of the above 

Kremarkable phenomena in the Bay of Fundy, and others of 

(a like nature. 

At first sights both theories seem well-foimded, when ap- 
plied to the particular coal-fields described ; and it is possible 
that these eminent and experienced geologists may be of 
lufnnion that both are trne, aa applied to diflerent situations. 
Bot I see great difficulties to the full acceptance of either, 
in many of the phenomena which, on a close eKamination, 
we find coal-fields generally present. As examples, I will 
all yonr attention to two sections that have very recently 
.been published ; the one a section of the western part of the 
South Welsh C^al-Field, included in the valuable series lately 
MMued irom tiie office of tlie Geological Survey of Great Bri- 
jtein, the work of W. E. Logan. Esq., a Fellow of thii* Society, 
[to well kno^vn to us aa an ex(!ellent ohseiTcr, and as inti- 
^nately acquainted with coal-fields, and who was fonnerly 
;hcd to that Survey ; the other is entitled a " Section of 
ie Novia Scotia Coal- Measures, as developed at the Jog- 
is, on the Bay of Fundy, in descending order, from the 
neighbourhood of West Rugged Reef to Minudie, reduced to 
Tcnical thicknoss."' It ia also the work of Mr Logan, who 
ii now employed by the Government of Canada to make a 
Geological Survey of that country, and is contained in bia 
report to the late Governor Sir Charles Metcalfe, and trans- 
mitted by the Governor to the Legislative Assembly. And 
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here I may remark, in paBsint;, that while we, ah geologUU, 
hftve tn thank that provincial OoTpmment for eomntt.*i)ctnK 
BO usuful an uiiUertakiug, we have uUo tliu Hatittfactiou of 
feeling convinced that it will be prosecuted wUh vigour by 
the present governor. Earl Cathcart, one of our own body, 
and, ttB we know, an able and active geulogiet. Thltt U a 
section of the same nenea of coal-measures so carefully ex- 
amined and described by Mr Lyell,* though with less mi- 
nuteuesB of detail as to the lithological characters and diaiea- 
sions of the seveml heds. The phenomena exhibited in the 
abore sections are not peculiar to them ; they arc tn a great 
extent common to all coal-tields. particularly in the higher 
parts of the carboniferous series. 

Before giving the analyses i have made of these sections 
I wish to call to your recollection that in both theorien it is 
assumed, that the 4lepusitioi] of the coiU-meaNureH took place 
m the tea. Mr l>yell iipeak^ of the accumulations having 
taken place in a sea : ho says, *• It by no mean^ follows that 
a sea four or live miles deep was tilled up with sund and se- 
diment; on the contrary, repeated subsidences muy have en-- 
abled this enormons accumulation of strata to have taken 
place in a sea of moderate depth.'' 

The example from South Wales is a vertical scction.t re- 
presenting the beds as they are known to succeed each 
other in descendinGT order, the dimensions being the thick- 
ness of each bod at nght angles to the plane of stratiticatiou. 
The coal-meoRures rest upon carboniferous limestone, in an 
inclined and somewhat waved stratification ; and although 
these raeasurementJ* would vary in different pluceci, from the 
swellings and thiuuings-out which all strata exhibit more or 
less when traced to a distance, they are pT*obably not far 
from the avei-age amount over a large area. 

1. From the top of the highest bed to the limestone, the 
Bum of the measurements amounts to nearly 7000 feet ; that 
is, tJie beds must have been originally deposited over each 
other in horizontal or nearly horizontal stratiticatJon to that 
thickness. 




* *■ TnveU in Amcricm," vol. 11., p. 198. 

t Ko. 1 In nia Mrira, illuiilniting tlin buri»>(tt«l section So. 7. 



2. Reckoning oulv tiie greater divisions, when a difference 
gf mineral clmracter takes place, there are, besides the coal- 

sams, 340 beds, from a few inches to 190 feet thick, wiih- 
ai alteration uf mineral composition ; iuvolving, in the lat- 
;r cases, lona; periods without any change in the nature of 
:ic detritus washed into the water where the deposition wa* 
)ing on. 

3. These beds consiBt of sandstones. aronoceouR and argil- 
Ufcrous slates, and clays, alternating without any apparent 

ler of anccession ; sometimes one aumetimcs another lying 
ipon the coal ; ajid occaBionally, bnt not frequently, the ahale 
ipon the coal is said to be carbon acemis. 

4. Int^rstratified with these beds are eighty-four seams of 
il, from one inch to nine feet thick ; the highest being 

irered by a series of beds of sandstone, Ac. 200 feet thick ; 
iie lowest spiim separated from the cnrboniferous limestone 
hjf 1340 feet of stmilar sandstones and shales, making the 
\twxUftearifuf strata 5460 feet in thickness. 

5. The seams of coal occur a.t very nneqnal distances ; some 
[are separated by a few inches only of shale or sandstone, 

ntbcra by as much as 300 feet. 

6. There are twenty-three seams, uccun-iug in suc*cession, 
[mMt of which are not clistingnishcd by any term indicating 

qoftli^ ; in two instauccB, one a three-feet seam, thny are said 

|ta be bitHuiiHou*, and several seams arc said to be t/inding^ 

»hieh means the same as cakinrj, a quality which only nchly- 

iminouft coals possess ; the rest are merely called " Coal." 

lese twenty-three seams, with their int«ratratified sand- 

Itones and shales, occupy 1840 feet, 

7. Then succeed thirteen seams, in a space of 1000 feet 
nine of these are described as " not Oifuminott^.^' 

8. The thirty-seventh seam, in descending order, is said to 
be anthracitic. and fourteen seams below it are so designated ; 
(lien come four seams merely railed " Coal," and all very 
thin. Heneath the lowest of these, and separated by sixty 
feet of arenaceous shales and sandstones, comes a bed of 

[coal, four feet six inches thick, called Anthracite, with five 
feet of undcrclay ; beneath this are seven seams called ^n- 
•ile, and three more arc intercalated called anthracitic. 
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9. Between the thirtj'-Mventh fteftm. coiled Anthracitic. and 
the lowest nf all. whicli i« called Anthracite*, there are twenty- 
two Moams intercalated, without having any distinctive term 
affixed to them, moat of thom very thin ; but about midway, 
three occur near toother, without intermediate aandstones 
and shales, but Hoparatpd by clay containing StigmarisB. in 
tiie following manner : — 



Coal 1 

Underclay 

Coal 4 

I^nierclay, 8 

Coal 1 

Underclay 8 



Ft. In. 
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10. The aeams of coal, whether termed merely " Coal," 
or bituminous, or anthracitic, or anthracite, bavc, with very 
few ejsceptionR, underclays, and theae, generally, but not 
uniformly, contain Stiginarta:. The two lowest beds of an- j 
thracite have underclays of five feet each, Uie third from the ■ 
bottom has seven feet of underclay, each with Stigmaria?. 
The underclay is of variable thickneHs ; in no part more than 
fourteen fet>t^ and, except in a few inntancea, is always said 
to contain the Stiffmaria Jicoides. 

11. There appears to be no relation between the thickness 
of the underclay with Stigmaritc, and that of the cool resting 
apon it. The thickest seam of coal, which is nine feet, rests 
ou throe feet of underclay ; and there are instances of a seam 
of coal only an inch thick, %vith five feet of underclay sta 
Xo \ie JiUed Tviih SH<f7nariw. 

12. A bed of clay, eight feet thick, with Stigmarie, has no 
coal upon it, but a foot of carbonaceous shale : and above 
that forty feet of arenaceous shale, then four feet of clay with 
Stigmaria:, covered by three inches of coal, and that overlaida 
by twenty-five feet of argillaccoua shale and sandstone. ^ 

13. In no case is any ditference stated in the mineral cha- 
racter of the saudiituues or shales either over or under the 
Anthracite seams, or of any other coal-seam. 

The example from Nova Scotia is a vertical section, on the 
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utme plan as tliat in South Wales ; and the coal-meaanres 
Lhert! aku rest upon limestoue. i-oiitaining organic rcmain»t, 
" oinong wliich there is. in some abuudaiice, a bivalve shell, 
which Mr I^ojtran recognised as indentical with Produeta Lyeili 
of Windsor in Nova Scotia." This liniestone at Windiior, 
Mr Lyell describeB as " a lower carbouiferuus limestone." 
The total vertical thickness of the coal-moasures is more than 
double tliat of the South Wales section, being 14,570 feet. 

a. The number of distinct beds in the section, of which 
sepai'ute measurements are given, \h 1114, from six inches 
to 13S feet thick, without change in mineral compoaitaon. 

6. These beds consist of quartzose sandstones, grits and 
conglomerates, and of arenaceous and argillaceous shales, all 
of various shades of red, grey, and gi-een. without any appa- 
rent order of sucees-sion, sometimes one sometimes another 
Ijing upon the coal, and occasionally a carltoiiaceous gliale is 
a&Hociati'd and intermixed with the coal-seams. 

c. Intei-stratiHoJ with these beds are sev/tnty-six soams of 
mmU, ft-om an inch to two feet thick, the far greater propor- 
tion very thin. The aggregate thickness of the seventy-six 
teams ia only forty-four feet, and there is about the same 
aggregate tliickucss of carbonaceous shale. The highest 
team is covered by a series of beds of sandstones, conglome- 
rates and rtliales. 2274 feet thick. Beneath the lowest seam 
erf coal theiv are 2800 feet of saudstontB and shales of the 
Mme nature as those above, but having numerous beds of 
grey concretionary limestone intercalated. Thus the coai- 
bearing strata have a thickness of about 9500 feet. 

(/, There are no terras attached to the woi-d " Coal," indi- 
cating any charge of quality throughout the section. Some 
of the seams ai-e called '• Coaly clay." others ■* Carbona- 
ceous alialc," mixed (vitb the coal. The seams occur at very 
unequal distances ; from a few inches apart to more than 
1200 feet. 

e. As in the South Wales section, the coal-ae^ms usually 
roBt on beds containing Slijntaritf, but, in a great propoi*tion 
of instances, these occur not in clay but in sandstone and 
arenaceous shale. This under bed is from a foot to twenty- 
seven feet in Diiekness ; in one place an understone with 
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Siii/toftritr ten feet thick has a Ream of coal orer it only an 
inch thick. 

f. Kiftwocn the Kixty-aoveiith and sixty-ci^tli coal-searoft. 
the fni'mrr with associatcil c»rbonaceous shale only fourteen 
iuebes thick, theiv are 170 beds of oamlsLunc and arcriniiceouR 
fthale, from six inchet* to 132 feet thick, their a^gi-egute 
thickne^A being 2620 feet, and the sixty-^ijfhi^i coal-seam is 
only calleil cwily clay. ti%-o inchuH thick, with an undcrclay 
containia^ Stigmaria leaves of six feet. 

ff. In the 2274 feei of sandstoncH. fee. lying above the 
highest seam of coal, fragments of plutitB ai*e seen in several 
of the beds : they first occur in a bed of sandstone 218 feet 
from the top, and the plants are conrerti d into coal ; they 
are often caJIed " drift plants/* and irta1(>d to be *" coated 
with coal."' Ill one bed there are " carh*.niztHl drift plants 
of lai'ge diameter," Hay one tout, the stems lyiu;^ prosti-ate ; 
and 1520 feet below this, thei*e is a sandsti>nc ** fit for grind- 
stoues, with a few Cti/amifes n<*arly at ripht antflrs to the 
plane of the beds, as if in utta, but forced over at the top ;'' 
this sandfttouc i*est8 on u bluck earbonaceoua shale two feet 
thick, but it is not stated whether the Calamites are iixed in 
tills carbonaceona stratum. Betweeu thia last and the first. 
Beam of toal, whiuli is only t)ne inch tbick, thery are three 
feet of a " greenish-grey sandstone with Stigmaria ficoidet^ 
succeeded by two feet of '* jpMjy argillaceous ahale, with im- 
pressions iiifernn and other plants.'' 

Between the seventy-fiftb seam, half an inch, and the 
seventy-sixth, two inclies thick, are eip:hty-four beds of sand- 
stone from a foot to 117 feet thick, together 1223 feet ; and 
twentv of these beds, all called gret^nish-gi-ey sandstone, are 
said to contain carbouizud drift plants ; and iu one fj? these 
h*da there is said to be *' a vast confused collcttion of car- 
bonized drift, plants; one lyino; prostrate measured twenty- 
five feet in lenij^tli, and about une foot in diameter at the 
small end."' So likewit>o in the 2800 feet of sandstones, &c. 
wliich arc beneath the rteventy-sixtli cir lowest seam of coal, 
ten of the beds are said to contain carbonized drift plants. 

h. At a distance of 4-100 feet from the surfano there occura 
a " bituminous limestone with shells atid fish-scales," four 
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feet thick, and lower down, in i\w ^ucceedin^; 2fl(M) feet, therr 
are eighteen bpd» of lihuiUir bituminous liniest^iuc, uue of 
them only half au inch thick, eleven of them under nix inches, 
and the thickest two feet. Neither the shells nor the nature 
of the Bsh-scaleR are de>4crihed, but that those Are freshwater 
limestuncs may be inferred from this, that several of tlieni 
are mixed with Stigmariie and other p1ant« ; thus associated 
with the twenty-eipfhth sRam of coal is a *' bitnniinntm lime- 
stone aud carbonaceous shak- iu alternate layers of one to 
tlirec inches, with plants, shells and fish scales ;" under the 
thirty-first, " with StiguiariEu, shells und fiab-scali'S ;'' along 
with the thirty-sixth, '* black bituminous limestone with 
branches and leaves of Stigmarivt well-marked, and very 
minute shells;" under the forty -fourth, " with Stigmaritt 
branches and leaves, fragments of other planU, and minute 
shells." Mr Lyell states, that he observed " not far above 
the uppermost coal-seams with vertical trees, two Htrat4i. per- 
hapit of frt:ehtr(itcr or estuart/ trr(^in, composed of black eal- 
careo-bituminons shale, chiefly made up of compressed shells, 
of two species of Modiola. and two kinds of Cyprt's.'' It is 
possible, therefore, that the " minute shcllH" of Mr Lo^n are 
(^pri/t. Beneath the lowest seam of coal are intercalated 
fourteen beds of what is called a '* Concretionary limestone,'' 
uid " Limestone in concretionary nodules," from one to three 
feet thick, one of them us much as ei^ht feet, and in one in- 
stance the limcstflne is said to contain earboiuzed drift, 
plants. 

I. Several iiisljineea are given of Ktf^uis of plants atandinjf 
perpendicular to the plane of strattlication ; the first is 216U 
feet from the top of the uppermost bed. 
«. Calamites " as if in gitu" 

0. Ixiwer down, f570 feet below n, two upright stems of 
Calamites, two inches in diameter, coated with coal, start 
from the top of a dark-p*ey ar^illaeeous shale, and penetrate 
into a grey shale with sandstone above. The leni^th of llie 
stems is not given. 

y. Forty feet below is a foot of sandstone and then a foot 
of shale, and '■* in thii* sliale, and running into the sandstone 




above, is a Cnluraite at an angle of 45^ 
from a coal-«efttn bolow. an inch thick. 

i. Benpaih thi». 640 feet, a scam of coal three inches thick 
occurs, and from it " there springs up an erect Siffillana, 
eighteen inches in diameter, and it ponctrates the shale and 
sandttUme abovft it, five feet of the plant being visible.*' 
Underneath the coal is " a grev sandstone with Stigmaria 
firoides (unjierclaf/)." 

I. The next instance given is 1038 feet lower dow-n, where, 
from a grey argillaceous shale, rises an u])right Si^illaria, 
one foot in diameter, penetrating tn a height of two feet into 
argillaceous shale above. There are aisteen feet of sand- 
stone and &hale below this Sit/iliarut, and tvithout S/i^marix. 

EJ. The next is 270 feet lower, where, from an argillaceous 
shale, " springs aii upright Si^Ularia of one foot in diameter ; 
the lower pai't commences to spread." Thert- are seven feet 
of ai'gillaceous shales, with ironstone balls, beneath this 
Siffil/an'Oy ttitkout i>tigmaria. 

»j. Tlie next is 228 feet lower, where, from a " St^y* 
crumbly, argillaceous shale, like anderclay. but no Si^maria 
visible, spring several upright Calainites, three of them in 
tie distance of two feet, and eight moi*e, the whole eleven in 
the distancL' of twenty feet." 

d. The next, 137 feet lower, in sandstone, arc upright 
CalamitcB, three in the space of a foot. 

I. From a, curbunuccous shale, a foot thick, sixty-two feet 
lower, " spring up erect Calantites, penetrating an arenaceous 
shale above two feet ; and there are seven in the space of 
eight feet." 

X. The next is 254 feet lower, where, from an argillaceous 
shale, springs an upright isitjillaria, four inches in diameter ; 
five feet of it are seen in a sandstone above. Ai'gillaccous 
and carbonaceous shale beneath, six foct thick, does not con- 
tain SliffinaricB. 

X. From a grey arj^llaceoua shale, twenty-two feet lower 
down, springs an upright Siffilhria. Its r<K)ts spread out 
into the shale, which is ten feet thick, and docs not contain 
Stigmariw \ but over it lies a grey, cinimbly, argillo-aren- 
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aceons shaln or aandBtone with Stigmarm, in which six feet of 
the stem arc visible. From tlie root uf tbe plant proceeds a 
Stipmaria branch, which at first sight bod much the appear- 
ance of bein^ a root of the SijU^laria, but close inspection 
shewed that the two. although touching, were distinct. 

/A. The next is 108 feet lower, where, trom a jBfrey argil- 
laceous shale., " sprin;;^ an upright Sif/illaria, ei^httaen inches 
in diameter, peiietrfttiu^ an incumbent sandat^jne." Fourteen 
feet of argillaceous shale and aandstrjue beneath do not con- 
tain S^marUe. 

f. Tbe next is 133 feet lower, where, from a thin neam of 
coal with carbonaceous sliale beneath, " ri»eB an upright 
Solaria ; tbe roots spread on the top of the coal ; the plant 
is a foot in diameter, and only one foot of the length is 
Tisible." 

$. The next is 160 feet lower, where, fi'oni a red argilla- 
ceous shale, springs an upright SigUiarUt. Two feet of tlie 
length is seen, but it is cut clean off at the top and at the 
bottom by the measures which paHs both without disturbance. 
No Stigmaritf. occur for many yards below. 

A. The next ia 101 feet lower, where, from a grey argilla- 
ceous shale, six feet thick, without Stt^maria, starts an up- 
right SigiUarM, four inches in diameter ; it is planted two 
feet in the abale, and penetrates the sandstone above, being 
four feet in length altogether. 

T. The next is 362 feet lower, where, from a red and dark 
grey vaiiegatcd shale, twenty-eight feet thick, with small balls 
of ironstone and Stigmuria; anse two upright Hit/illiiria:. The 
roots of these spread out just on the top of the bed, and two 
feet of the plant are visible- The roots of the other spread 
oat likewise, but tliey sink deeper into the shale by two feet, 
and the plant penetrates fai'ther into the superincumbent 
sandstone. 

f. The next distinct instance is 490 feet lower, where, from 
a grey ai-giUaceous shale, several upright CataMites from half 
an inch to four inches in diameter, penetrate an incumbent 
grey arenaceous luid argillaceous shale, containing prostrate 
carbonized plants. The roots of a Calamite three inches iu 
diameter, spread on the top of the shale underneath ; and 




Irwentv-one mDre Calaniitca nre visible iilonj; tho bank ra tbe 
'apnei' of twenty vanU. 

Tbis is tbe last in^tAnce xtat^d of irtems of plaiitB -found in 
ti>e futrata pprpcndiciilar to tlie plane of siititificntion : the 
BGventeeii instATices thuB occurring in a vertical thickness of 
4516 foet. 

Thpoughoiit tho whole 7000 feet in thr South Wales sec- 
tion, and, if the limestones ai'o. as is most probable, of fresh- 
wator origin, also throughout the 14.570 feet in the Nova 
SLH)tia section, there appears to be no trace of any substance 
of a mofiW character ; and from anjibing exhibited in the 
compimition of the beds, all might have been deposrt«d in 
fresh water. It seems infinitely improlmhle, had the deposi- 
tion taken place in a Hea. thai a st>ries i>f accumulations of 
this <leHcript;on, implying, be it obscrred, a vast duration of 
time, with different depths and different qualities of sea-hot- 
toms, shouhl have taken pbu-e without a trace being discover- 
able, either upon the surface nf the submerged layers of ve- 
getable matter, or in any part of the clays and sandstones 
that lie npon them, of a marine animal or plant. Tt seems 
no less iniprohable. thii,!. in a sen skirting a shore, there 
should be such an absence of agitation throughout so vast a 
space of time, as to allow a tranquil deposit of layora of fine 
detrituH over a wide area, a spreading out of \h^ leaves of 
delicate plants in hiyci-s of clay and sand, like the specimens 
in a herbarium, and a gradual and insensible passage, in many 
instances, from one bed into another. Great as the North 
American lakes are, T am not prepared to say that grave ob- 
jections may not be urged against the probable existence of 
such vast l>odies of fresh water a« would bo of suflicient ex- 
tent and depth to receive the beds of many coal-ticlds : but 
the absence of marine remains througlioui vast depths of 
strata in coal-fields is a remarkable fact, well deserving of the 
most careful investigation. 

TImt the terrestrial vegetable matter from which coal has 
been formed has in very many instances been deposited in 
the sea is nnqueritionable. from their altemations with lime- 
stones containing marine remains. Such deposits and alter- 
nations in an estuary at the uiuuth of a great river are con* 
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ceivable, but wbetber auch enormous beds of limestone, with 
Uie convls and moIIuBcs which they contain, could be formed 
in an estuary, may adniit of doubt, liut it is not so easy to 
conceive the very distiuet separation of the cortl and the stony 
matter, if formed of drifted materials broiit,dit into tlie Imy by 
a rivei*. It baa been said tluit the vegetablt: niiitti;r is brought 
down at intervals, in freshets, in masses matted together. like 
the raftfl in the Mississippi. But there could not be masses 
of matted vegetable niatter of uniform thickness 1 4,000 liquare 
miles in extent, like the Brownsville bed on the Ohio (the 
Pittsburg- seam mentioned in page 170) : and fresbcts bring 
down gravel, uud saud, and umd, as well as plnuls and trees. 
They must occur Heveral times a-ycar in every river ; but 
many years must have elikpticd durtn*^ the s^radual deposit of 
the sandHtones and siiale^ that, separate the seaniH of coal. 
UumUoldt telU us {Koamov, p. 295), that, in the foivst hinds 
of the temperate zone, the carbon contained in the treeit on a 
given surface would not, on an avemge of a hun<Ired years, 
form a layer over that 8ui*faee more than seven lines in thick- 
ness. If this be a well-ascei-tained fact, what an enormona 
accumulation of vegetable matter must be re((uired to form 
a coal-seam of even moderate dimension.'^ ! It is extremely 
improbable that the vegetable matter brought down by rivers 
could fall to the bottom of the soa in clear unmixBd layers ; 
it would form a confu.sed mass with stonea, sand, and mud. 
Again, how ditfieuh to conceive, how extremely improbable 
in such circumstances, is the preservation of delicate plants, 
Hpread out with tlie most pei*fect aiTangement of their parts, 
uninjured by the rude action of rapid streams and curi*euta 
carrying- gravel and sand, and brancheH and tnmks of trees. 
In tli« theon* which iiccuunis for the formation of beds of 
coal, by supposing that they are the remains of trees and 
other plants that grew on the spot where the coal now esists, 
that the bind was submerged to admit itf the covering of 
sandstones or shales being deposited, and again elevat«d, so 
that the sandstones or shales might become the subsoil of a 
new growth, to be again snbmergpil, and tbis process re|ieated 
&& often as there are seams of coal in the sei-ies — these are 
dumauds on our assent of a most staitling kind. In the 



tremel}' obsctipe, and preitcnts a wide and int«r<;8ttng field 
for future invtatierition. Before concluding thio pari of my 
Bubject, iuto which i shall probubl)- bt; thought to Iiave en 
tered at disproportionate leujorth, I would call your attention 
to Home difficulties which the Sonlh Welcli section offt-ra to 
the coniinunly-reeeived uud, 1 bcdievc, well-founded opuitou, 
that antbrucite is bituminous coal, the volatile part-s of whtcb 
have been driven off by heat acting gradually (wm below; 
fur we aee (8 and 9) that thin seamt* of comtnun coal aro 
interatratified with anthraeitic aeamii and with anthracite. 
Neither do wc find any signs of mctamorphic action tu the 
underclay in immediate contact with the coal, nor in the 
BtratJL that lie between two seamB of .-inthracite. W'e must 
look to the chemist to explain all t1ii», aa well aa for en- 
lightenment on the formation of the different qualities of 
coal ; but we murtt be contente<l to receive from him only 
indicationB and resemblances ; for we muat never forget, 
that, in our expeiimeuts, \\v can never have the volume of 
materials, the amount of pressure, and above all, the dura- 
tion of time with which Nature has worked : and each of 
theae, singly and cumbiued, must have had iuipurtant influence 
in modifying the results. 

Permian Syitt*m. 

The soundness of the principles on wliich Sir R. Murclii- 
8on and M. de Verneuil first proposed to establish this great 
division, has been continued by subsequent obaervations both 
by themselves and by others, and appears to be recognised by 
the geologists of all countries. The name of Pennian, too, 
has been as willingly adopted as that of Silurian was, being 
at once convenient and appropriate, and rticalUug the locality 
where a true type of the series can be ix-fenx-d to. In their 
first journey to Kussia, only a part of the region where these 
rocks predominate was examined ; but they saw enough then 
to satisfy them that some new classification was called for, 
and Sir K. Murchison developed his views and those of his 
asaociates at the meeting of the British Association at Glas- 
gow in 1840, and in a paper read before this Society in the 
following spring. In his address as president at our anni- 
versary in 1842. he referred to his second journey in the 
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mimmer of 1841, and announced tlic diacovery, that thene 
newer red sand Uepositji, covering uu enormons jiortion of 
European Russia, constitute a separate eoolo^cal system, 
diatluct in age from the Trias, and compreliendinjr, 'i^ asceod- 
ig order, our lower now red sandstone{the rothe-fodte-litgende 
Germany), onrmapneHJan limestone (the Zerlistein of Ger- 
lany), and the sandstones and conglomerates that constitute 
ic lower member of the hunter, or rariegated sandstone of 
le Germans (represented by the Grdsdes Vospes of France); 
ind leaving tlie Ti'Jas, composed of Upper Unnter-sandstein, 
Inschelkalk and Keuper, as the lowest nf tlie secondary 
Delta, and the commencement of new orders in various forms 
life. Sir R. Murchison maintained the same views in hii 
iddress of 1843 ; and in the spring of 18-1-1, in a paper which 
read to this Society, he gave a full continiiution of the 
nrrectness of his original conclusions, after a more careful 
aaminatiun of the fossils collected from the Permian series 
Russia, and comparison of them with those collected in 
Ifferent parts of Germany and Poland, which countries he 
isitad for the special purpose of examining in situ the ehar- 
iCterfi of the lower members of the new rtd sandstone series 
D theii* long-cstablisbcd typiral forms. The Permian sya- 
m, therefore, consists of a series of conglomerates, sand- 
tonea,clays, marls, common liutestAines, and uiagiicsian Hme- 
lones, all under a great variety of forms, and intx»rraediate 
etween the C'orbunifci'ous and Triassic groups. It contains 
peculiar fauna and flora, mingled, however, with a propor- 
ktn of the animal and vegetiiblc remains of the Carbonlfer- 
la aeries, on which its beds repose, and thus connected with 
e paheozoic class of deposits ; whereas the Triassic series, 
^hich succeeds in ascending order, has not yet hcen found, 
it is said, to contain any paWozoic form, whether animal or 
vegetable. The Permian system, the authors of the '* Geo- 
logy of Russia" observe, constitutes the remnant uf the ear- 
lier creation of animals, and exhibits the last of the partial 
and eucceaaive alterations which those creatures underwent 
before their final disappearance. The d^vlndliiig away and 
extinction of many of the types, produced and multiplied in 
Mch profusion during the anterior epochs, and the creation 
of a new class of large animals, the Saurians. cUarly an- 
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Aounce the end of tlie long paliposoic period, and tbd begin- 
ning of a new order of zoolop;ical conditions. 

It is remarkable, however, that paWozoJc vegetable for 
reappear, as I Bhall afterwards more particularly shew, in 
beds much uewer than the Trias; for. in the Alps, in man) 
parts of a series of beds, which two such experienced geolo-_ 
gist« a« M. Blie de Beaumont and M. Sismondn unhesitfttf 
ingly declare to belong to the Liassic period, plants have 
been found which so skilful a fosBil botanist as M. Adolphe 
Brongniart has not been able to distinguish from species found 
in the Carboniferous series. There is. besides, this peeullarMi 
ty, that while the base of the Permian rocks frequently oc*" 
curs in unconformable stratification with the Carboniferous, 
there is no example, it is said, in any part of Europe, of thH 
Triaa being found in stratification unconformable with the up- 
per members of the Permian system. Too much stress, how- 
ever, Sir R. Murchison observes, ought not to be laid ontbtfl 
last circumstance, as evidence of a gradual passage in time 
from the Penniau to the Triassic series, because sedimentary 
matter may be thrown down on the edges of older strata i 
mediately after their dislocation, and that dislocation 
have taken place without any great period having elap 
since the strata were deposited. On the other hand, if 
aea-bottom were undisturbed, there might have been, so 
as mineral structure is concerned, an immense interval 
time between the deposition of two beds that are perfectl; 
conformable, and even have a similarity in lithological ch 
ter. And such, in fact, is the case. " Throughout whol 
regions of Russia^ the older deposits are clearly separable 
from each other by means of their respective fossils, althoag 
tbey are ull apparently conformable." 

The different memoirs, which Sir R. Murchison had rea 
before this Society, made us acquainted with the leadiil 
features of the Perujlau system ; but his great work on Roi 
Bia has not only given us the evidence, at full length, of h 
opinions, but brings conviction to our minds by a more gn 
phic, and more impressive form of testimouy than it was po( 
Bible to produce in his abridged sketehes. This system, 
developed on an enormous scale in European Russia, repoi 
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ing upon oarboniferoiis stratA, throughout more than two- 
Uiirdfi of a basin which has a circumference of not l«ss than 
400O English miles ; that is, it ooenpies a space greaf^er tJian 
twice the area of Frauce. 

The palaeozoic series in North America ends with the Car- 
hanifepous rocks; for althon^h that and the inferior jo^upa 
lie developed on so ji^at a scale, a narrow zone of red aand- 
Kione on the Atlantic slope, celebrated for containing th*; 
iuutmarks of ji^ant birds, which, in the opinion of Professor 
Rogers, belongs to the Tria«, is almost tlie only sedimentary 
dqtosil between the Carboniferous and the Crelaceons rocks. 

The Secondary Jffocjfej. 

The Trias, so largely developed in other parts of Europe, 
is unknown in European Russia. 

It is remarkable that, except one member of the oolitic 
uries, the whole of the secondary foiinutions between the 
Permian and Cretaceous la^oups should be wanting in Rnssia ; 
ntd that, with the exception of a very limited ajid even 
ikmbtful oolitic deposit in Virginia, not a trace of them 
should hare been found from the Atlantic to the MisRiasippi, 
aod even as far west from that river as any geologist ho* yet 
penetrated. Professor Rogers rests his determination ot' 
Dm deposit in Virginia as belon^ng to the lower part of the 
(loHtic series, solely nn the striking resemblance /m a group 
Ot certain plants, accompanying a bed of coal which it con> 
tains, to those which are found associated with the oolite coal 
of Brora, Whitby, and other European localities. He says 
thai, "judging by Hthological indications alone, perhaps no 
more probable conclusion would have been reached on the 
subject than that (pf the able geologist* Mr Maclnre and Mr 
R, C. Taylor, the former of whom assigned this deposit., con- 
listing of slates and of coarse grits composed of the mate- 
of granite so little worn as to have the aspect of that 

ik in a decomposing state, and ret^ting upon gneiss, and 
ivitbout any calcareous bed, to the period of the Old Red 
Sandstone ; the latter to the " transition carboniferoua de- 
fM\t»." If it be tnie, that, in the Alps, species of plants 
identical with those of the carboniferous period have been 
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fuuiid ill nntloiiht^Hl Juranaic beds, it becomes doubtful wlic- 
tlier the inc-rc " rcaeuiblance as a group " of the plants in the 
Virginian beds is conclusive evidence, opposed as it is by the 
lithologii^l character of the deposit, and the most remark- 
able circumstance of the entire absence of the oolitic series 
in an^ other part of the American continent. In a letter I 
had from Mr Lyell, who last December pajised through Vip- 
^nia, he informs me that he had seen some specimens of 
coal plants and ichthyolites from this deposit, whic-h throw 
some doubt on its Iwing of the oolitic age, especially when 
he compares the list with those from Connecticut, and that 
he intends to return to tlie spot in April next, in the hope of 
being able to determine their true age more precisely. 

The only member of the oolitic aeries founrl in Russia is a 
representative of our Oxford clay and the beds immediately 
associated with it, — that which the French geulogista call the 
Terrain Oxfordien. Nor, where these Jurassic beds oceui-, do 
they occupy any great extent of surface, but are in detaehed 
apotB> at remote intervals, in isolated basins, patches or 
stripes. They are composed of slightly coherent dark-colour^ 
ed pyritous shales, sands and calcareous concretions, sand- 
stunca and marlstoues, very seldom solid calcareous beds, and j 
throughout with a surprising uniformity of character. TheyB 
are besides of little veKical thJL-kness, compared to the same ' 
series in other countries of Europe, the most considerable not 
exceeding 400 feet. They form low masses, which no doubt 
were at one time more connected, and have been subjected 
to powerful denuding causes. They extend from the plain! 
of Prussia to the frontiers of Asia on the east-, and to the 
Frozen Ocean on the north. They are moreover seen to un- 
derlie the cretaceous and tertiary deposits of Southern Rus- 
sia, and appear in the steppes which lead from Europe into 
Asia ; but in these southern regions they uudergo a change 
in lithological characters ; becoming siliceous and calcareous 
grits, and resembling the conglomerates and grits found at 
tiie base of the oolitic series in some paints of England ; th 
fossil contents, however, continue the same. 
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Crttaceouf Roek*. 

These occupy a great part of Soutliem RuBsia, but Are un- 
known to the north of 55^ of hititudu. lu reyrurd to mineral 
urangeaiont, there exUta that sort of general paralle^sm 
between the hedtt in Kussia and those in We»tem Europe, 
particularly with tlioso of Eastern Germany, which we might 
expeet to find in strata of the same epoch, separated from 
each other by great distances. Greeriaand, irousaiul, chalk 
and chalk-marl occur, in which the same j^raups of fosailB 
prevail aa in rocks of Britain and France which, occupy the 
tame relative age in geologiuil succession ; and pure white 
chalk, containing some characteristic organic remains, occurs 
at intervals to the confines of Asia. In the southern stepper 
of the Don Cossacks, on tlie banks of the river Donetz, chalk, 
poaaeasing all the characters of ilie English and Frencb 
ehalk, and containing some i>f its thaructoristic fossils, oc- 
curs of great thirknesft» Artesian wells having been snnk in 
it to a depth of G30 feet, without any indications of a change 
of roc^k. It contains layers of flint, and tho banks of the 
ume river exhibit a section of a greeusaud group, seventy 
fiewt thick, resting upon an equivalent of our coral rag, and 
BUPmounted by white chalk. A zone of ti*ue chalk, 120 miles 
in width, stretches through a great region about 100 miles 
•outh-west of Orenburg. 

The cretaceous rocks occupy a very limited zone on the 
fAsiern side of the Alloghanies, extending about 60 miles, 
but having rarely a breadth of half-a-mile. They sweep 
roond the southern extremity of these niouTitaliis, occupying 
a vast tract which stretches far westward of the Mississippi ; 
and Mr Lyell saw a collection of chalk fossils brought by M- 
Nicollet from the higher parts of the Missouri river. It 
appears further, fi-om the recent report of Captain Fremont, 
that cretaceous rocks occur on the eastern flanks of the Kocky 
Uountains. The series examined by Mr Lyell in the State 
of New Jersey, consist of a lower portion of greenaand and 
green marl, and above these a pale yellow limestone with 
corals, both however belonging, in the opinion of Mr Lyell, 
vho has carefully examined a large scries of tbssils, to the 
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age of the white chalk, including the periixl ft*um the gault 
to the MaoAtriclit beds. As a detAilod account of those beds 
aud their foHail contents is given in the first volume of the 
Sut'ieiy's Journal, I need not dwell further upon them, ei- 
cept to give a statement of the (general results. There is a 
9inarkable geiierii: uccur<tuiict: between tlie fossil molluscB, 
__ Is, eehinodemis, fish and sanrians, nnd those of the same 
series in Europe ; out of sixty shells collected by Mr Lyell, 
five seem to be quite identical with European species, while 
several others approach very near to, and may be the same 
as. European ; fifteen may be regarded as good geographtcnl 
representatives of well-known cretaceous fossils, belonging 
for the must part tu beds above the guult. This amount of 
correspondence is not small, when it is constdei*ed that the 
part of the United States where these cretaceous beds occur, 
is from 3000 to 4000 mile:* distant from the chalk of Central , 
and Northern Europe, and that there is a difference of IVf^M 
in the latitude of the places compared on the opposit-o sides 
of the Atlantic. *' Some of the species common to the oppo- i 
site sides of the Atlantic are those which in Europe have tha*fl 
greatest vertical range, aud which might therefore be ex- ^ 
pected to recur in distant {larts of the globe." He concludes 
with tlie following remarks : — '* We learn from the facts 
mentioned, that the marine fauna, whether vertebrate or iu- 
vertebrale, testaceous or zoophytic, was divided at the remote 
period under considtratiou, as it is now, into distiuet geo- 
graphical provinces, although the geologist may everywhere 
recognise the cretaceouB type, whether in Europe or America, 
and I might add India. This peculiar type exhibits the pre* 
ponderatiug influence of a vast combination of ciiTum stances 
prevailing at one period throughout the globe — <;ii*cum stances 
dependent on the state of the physical geography, climate, 
and the organic world in the period immediately preceding, 
together with a variety of other conditions.** 
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jTcrttdry Deposits. 

The tertiary deposits of Russia, exclusive of a few pate 
of very recent age, are most exjianded in the southern parts 
of the empire, those of Eocene and of Miocene ages both oo« 




cuiTiug. The former has, in many partK, the very same 
structure and contents as the London clay. Sections are 
iften of beda equivalent to the calcaire gronsier and London 
day, in coDnexlou with strata referred to the upper part of 
the creta^-eous system. In the neighbourhood of f>aratof, on 
tbe Lower Volga, there occura a Randy calcareous grit, sub? 
urdinat« to clay and Kand, of a concretionary structure, un- 
distingulBhable from the Boguor ruc-kti ui Sussex, and con- 
Uming the same shells. The authors appear melined to 
bulieve, that au insensible gi'adation may be traced frum the 
upper ci'etaceous into the tertiary beds. 

The Miocene deposits are of far greater extent than the 
Eocene. They are the extension of the great basins of Vien- 
na and Hungary, and are spread over Volhynia. Fodulia, and 
Bessarabia, stretching to the Black Sou and the country 
north of Odessa, where they are covered by deposits of a 
more modern age. They have a close alHnity to the deposits 
of the »ub-;Vpennines and of Bordeaux, and like beds of the 
same a^e in Styria and Hungary, eoutain extensive oolitic 
beds, uiidistinguishable, litbologi tally, from many English 
and French varietiea of the jm-assic group. 

JMarine Pliocene deposits are wanting, but the Miocene are 
covered by the vast deposit of argillaceous limestone already 
referred to as occupying thti region around the Caspian, called 
by Sir R. Murcbison the Aralo Caspian or Steppe limestone, 
in which the univalves are of fresh-wat*^r origin, associated 
with forms of Cardiaeeie and Mytili, which are common to 
partially saline or brackish water, It abounds In many places 
with fresh-water shells, and indeed presents the true aud per- 
sistent characters of a deposit in an inland sea, and contains 
DO vestiges of corals or other marine bodies. It was ob- 
■erved to be in some places between 2U0 and 300 feet thicks 
and at elevations of 700 feet above the present level of the 
Caspian. It possesses an uniformity of character which se- 
parates it from any tertiary deposit of Western Europe. 

You arc aware that Mr Lyell read before this Society four 
papers on tlie tertiary deposits of the United States, which 
have been published m our '* Proceedings ;" it is unnecessary, 
therefore, for me to give even a brief summary of them, ami 
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I aliftll cunt«rit myself with Htatiiig Home uf tiic general 
Bultj*. On the Atlantic aide of tbe Alleghanics, an area 
about 400 miles long, from north to Bontii* and varying in 
breadth from 10 to 70 milen (with some detached patches 
further south), is occupied at intervals by tertiary deposit*, 
which, in the intermediate spaces, are probably concealed by 
the more modem deposits and alluvium which form the sur- 
fece. There are extensive tracts of liocene formations, par- 
ticularly in tJie south. Out of 125 species of shells which 
Blr Lyell obtained from these deposits, he was not able to 
indentify more than seven with species of the same epoch in 
Europe. But there are a considerable number uf represen- 
tative speciea, and an equal number of tbrms peculiar to the 
older tertiarj- strata of America. Th*' Ontrea geWiEformix 
may he considered as r«[ircsenting the Ostrea flahelMa of 
the Paris and London basins, and appears to be one of the 
most characteristic and widely disseminated Eocene shells in 
this North American deposit. 

The Miocene deposits are of far greater extent than the 
Eocene ; uud there is in them a close affinity of many o^ the 
most abundant species with mutlusca now inhabiting the 
AmericaJi coast, the pi*oportion being about one-9i.\th of tbe 
whole, or about 17 per cent., in those examined by Mr Lyell, 
who was able tu identify 23 out of 147 with living shells. 
The corals also agree gonerically with those of the Miocene 
beds of Europe ; the cetacea also agree generically, and the 
fi.sb in many cases specifically. 

Metatno^rj>htc Rofks. 

The theory of me tumor pb ism, in its more extended appli* 
cation, in recent times, to the explanation of the peculiar 
stnicture of certain stratified rocks, has thrown a clear light 
upon some of the most obscui-e and difficult parts of geology. 
No geulo^st will now, I }ircsume, hesitate to admit, that 
there is evidence amounting to demonstration, that a perma- 
nent source of heat exists in the interior of the earth, widely 
spread beneath the stony envelopment, and that it has existed 
at all times. Whether it is local or widely spread under the 
fttirface — whether it is constautiv maiutained or is excited 
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Intervals by certain comhinatinns, are quefiiionH for the 
solution of which we have as yet no data to lead ns beyond 
probable inferences. It waa long ago observed, that when 
dykes of basalt passed through sedimentary rocks, earthy 
limestones were frequently changed into eryatulline marble, 
ahales into flinty filat^, argillaceous sandstone into jasper, 
and bituminous coal into graphite or cinder. Similar changes 
were also often observed at the junctions of granite with se- 
dimentary rocks. An attentive observation of these pheno- 
mena led Hntton to infer, that the Htrata derivetifrom the 
detritus of pre-existing rocks had been consolidated into 
stone by t-he agency of subt«rraneiin heat ; and although he 
extended hia theory to aU the strata, to many which anbse- 
quent observations have shewn it to be inapplicable, still the 
geiin of the modern theory of inetamorphism is clenrly seen 
in one of the fundamental positions of the Huttonian theory 
of the earth. But soimd as were the views of that philoso- 
pher in his leading doctrines, they were adopted by a very 
small number of geologists, so strongly had the tbeories and 
system of Werner got possession of men's minds, especially 
in Germany and France. About twenty years ago, however, 
some startling fact« were brought to light; we heard that 
Belemnites had been found in micaceous schists in the Alps, 
and that an insensible passage could be traced from a se- 
condary oolite full of organic remains, to the highly crystal- 
line marble of Oarrara, the old type of primary limestone, 
and under circumstances which afforded the strongest pre- 
sumptive evidence tliat the oolite ha^l been changed into the 
marble by the action of adjacent igneous rocks. Then there 
came facts on a gi-and scale, analogous to those that had 
been observed at the junctiim of trap dykes and granite veins, 
with sedimentary rocks, and not only extending to great dis- 
tances from the igneous rock, but the secondary shales were 
changed into rocks that could not be distinguished from the 
so-called primitive gneiss and mica-achlals, and, like them, 
included crystallized garnets. 

Mr Lyell, in 1833, brought forward a more extended and 
complete development of the Huttonian hypothesis of conso- 
lidation, and first proposed the adoption of the term " meta- 




norphk-" to tiiis peculiar altered stmctore of sedimentary 
rocka, — a term which hua been hidcb universally arlopted ; 
Aod every year has discluned new foct-s fruiii all parts of the 
world, in eontirmation of the theory that the older crystal- 
line and indurated ttrhifltx, IimcHtoneH.dolomiiett, and qiiartx- 
ite», and many similar beds of more modern date, were not 
deposited with a strncture i^uch aa they now preaeot, but 
were aticumulatious *>( detritul matter, trannfortntd into their 
present condition mainly by the action of heat> accompanied 
by otiier chemical action, and the powerful agf>ney of st«am 
and elastic forces under enormous pressure. A very inge- 
nious procBBR, invented by Mr BrocketJon, described in a 
short paper read before us last year, by which ho converts, 
under very powerful pressure, the powder of graphite into a 
jtolid mass, having a conchuidal fracture, ahd iuidistiDji;uish- 
able from the most compact native black-lead, shews that 
preaaure alune may convert fine detrital matter into solid 
atone. 

It is not very long ago, far within our own time, since 
geologists spoke and wrote of chaotic Uuids holding miueral 
matter in solution, and of precipiLatiuiis of crystalline rock« 
from that menstruum. But these hypotliese», not ouly un- 
aupiHirted by, but at variance with, all known choinical lawB, 
are now laid aside, and we rea^cm more soberly, interpiHitiiig 
past changes in tite mineral structure of the earth by our ex- 
perience of the laws by which the opcratioua tn the material 
world are govei'ned. Every accession to our knowledge of 
the older sedimentary, highly consolidated, and semi-crystal- 
line rocks, readers the probability greater that they were 
formed in the same maimer as those now In progress of for- 
mation in existing seas; in short, that they originated from 
the waste of pi'C-existiug lands. As astronomy leads us to 
contemplations of immensity of distance in space, thus dues 
geology lead us to contemplate distances in past time almost 
as buuiidless; equally difficult for us tu form u conception of, 
but, although not cai)able of measurement, not less certain. 
We are thus brought to admit the truth of auotber of the 
fundamental doctrines of the Huttonlan theoiy, laid down by 
its author moi*e than half a century ago, aud some years af- 
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terwanls so eluqueutly Illustrated by hU dUciple and fnetid 
Playfeir, whom I am proud to call my first maBter in geo- 
logy, " tUut iu a\\ the atratu we discover proofs of the mate-^ 
rials haii'iDg existed as elomcntfi of bodies, which must hav« 
been destroyed before the formation of those of wliich these 
materials now actually make a part"* We learn from 
Professor Sedgwick, that in the north of England thcro ^ro 
chloritic slates alternating with countless contemporaneous 
ribs of porphyry^ aa well as with trappeau coug:lom orates and 
slaty beds, derived meckanicait^ from materiatu of igtieouif ori- 
gin. M. Abich of Dfirpat considers tliat certain dark-green 
grains disseminated tbi-ough the lowest beds of the Lower 
Silurian " Pleta," or Orthoceratite limestone of Russia, are 
the detritus of the ancient augitic rocks of tJie Finnish fron* 
tier.t The least fragment of an organic body iu the lowest 
deposits, it is evident, must have been encased in silt or mud, 
and that silt or mud must have been derived from pre-exist- 
ing rocks, and most probably roi;Us exposed on land to the 
destructive power of meteoric agents. We are told by Mr 
Lyell, tliat the Potsdam saudatone, the lowest of the Silurian 
strata of North America, at the Falls of Montmorency, nwir 
Qaebec. is i*emarUable for containing bi/utderg of enoinaouft 
siise — ^the largest he ever remembers to have secDf he aayi, 
in any ancient atrattfiod ruck. He measured some of them^ 
which were 8 feet long. They consist of the same gneiss ^ 
that on which the sand-stuue rests. He also observed in the 
same sandstone, on the boi-ders of Lake Champloiu. ripple- 
marks on the surface of its flags. 

Several of the works of geologists which have been pub- 
lished during the last year, have supplied much additional 
evidence of metamorphic action ; none more important, I 
may say more conclusive, than is contained in the work of 
Sir K. Murcbiaou on Russia, and of Mr Lyell on America, 
and in a very valuable memoir by M. Virlct. As far as my 
limits will allow, 1 will bring forwaiil some of that evidence. 

With limited exceptions, true granites are rarely found in 
the higher portions of the Urab, but they are of frequent oc- 

* lUuitrktloov of Ui« Uuttonina Tritory, [>. 6. t Murcliii«D'a Uussis, 1 , S8. 
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cuirencc in the lower regionpi, particularly on the Siberian 
side. The ipni'otis rocks that enter into their composition 
are different fomis of syenite, porphyry, greenstone, and fel- 
i^ar rocks, often graduating into each other, and aasodaied 
with serpentine. These have evidently been erupted at dif- 
ferent periods ; and there are wide tracts occupied by grani- 
toid rocks, which appear to hare been erupted after the age 
of the carboniferous series, and posterior to the gi'eatcr pro- 
portion of the greenstones and other eruptive rocks of the 
Urals. 

It waa only after Sir H. Murchison and his companions 
had become thoroughly acquaintwl with the slightly con- 
solidated and unbroken sedimentary deposits in European 
Russia, that they were able to decijiher the intricate charac* 
ters of the indurated and cryatiilUne strata which constitute 
the flanks, enter into the very body, and form lufty serrated 
ridges of the Ural chain : broken up and cast about in much 
apparent contusion. Bnt from the presence of organic re- 
mains, traceable at intervals along both flanks, and even close 
to the axis of the chain, they were satisfied that some of the 
central ridges, although composed of chloritic, talcose, mica- 
ceous, and quartzoae slates, cannot he of higher antiquity 
than the unconsolidated Lower Silurian rocks on the shores 
of the Baltic ; and that others, although in ahighly crystalline 
atatc, ai'e not older than the Devonian and Carboniferous 
series. The same rocks, when they recede from the great 
linos of eruption, resume their oi-diimry sedimentary cliarac 
ters. In one place the authors expressly say, that, in pro- 
portion as they receded from the igneous zone, the sediment- 
ary strata gradutLlly parted with their talcose, chloritic, and 
quartztte characters, and assumed the appearance of ordinary 
nrgilluceous schist, with bands of grit and sandstone, all 
parallel to the crystalline axis of the chain. In another place 
they describe certain Upper Silurian beds, consisting of al- 
ternations of ai*gillaceou8 slate and black encrinite limestone, 
passing into talc-schist, and containing great flakes of mica. • 
Between two great parallel lines of eruption, they saw pure 
white sact'haroid limestone containing Encrinites, and asso- 
ciated with other crystalline beds, whith they were satisfied 
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wei*e once sandstones fonned under the sea la the palieozmc 
period. In like manner, the sedimentary I'ocka on the northern 
frontier uf RuHHia, where they approach the great granitic 
and trappoan region that stretches soutliward fi-om Russian 
La{iland, become so changed, that the shales are converted 
iutu Lydiau stuue, the limestoueH into marbles, and the sand* 
stones into indurated and sometimes granular quart*. These 
are not partial local effects, but characterise a lung line of 
country in a broad zone. The authors observe, that " the 
tiiorough examination of this great band of Silurian rocks, 
more or less metamorpbic, which lies between the purely 
crystalline or azoic rocks of the north, and the wholly un- 
altei*ed Devonian and Carboniferous deposits on the south, 
well merit t-hc special attention of the geologist, mineralogist, 
and chemical philosopher; for the scale on which these opera- 
lions of change has been conducted is gigantic. Otir pi*esent 
acquaintance with the phenomena is, however, sufiicient to 
convince us, tltat here, as in other countries, the cunsolida- 
don, rupture, and alteration, of large portions of the earth's 
enut have been effect«d by the agency and einiptiou of igne- 
ous and gaseous matter." A limestone — ^ascei-tained, both 
by litbological characters and fossilifcrfins proofs, to belong 
to the Devonian age, in which copper veins occur at a point 
where it is intersected in a complicated manner by green- 
stone porphyry — is converted, for a space 350 fathoms long, 
and 20 wide, into a crystalline rock, in some places becoming 
a pure white cry»tallinc soccharoid marble, and associated 
with it is a garnet ruck, loaded with very beautiful and large 
crystals ; a case somewhat analogous to that observed by Pro- 
fessor Heuslow in AngleHca twenty-five years ago,* and to 
that in the neighbourhood of (JhrlstiaQia described by Mi 
Lyell.t On the east tlank of the Urals, south of Ekaterin- 
boi^, there is a succession of low ridges parallel to the main 
crest of the chain, composed of metamorphic rocks, some of 
them HO micaceous that they might paHK, the authors say, for 
primary mtca-schtst; others resembling gneiss, which a few 
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years a^^n, any ireolojj^st wotild have termed prininry, bnf 
which arc, in fact, only a1t«red palarozoio (tedimentAry strata. 

If we croftft tlie Atlantic to North Amenca, we oMain equally 
clear proof»of the aUeration of the sand and mud of the lands 
cif remote antiquity into ci*ystalline nchifitH. and of the forests 
thai grew upon them into anthraeitic coaL, by tliia name power- J 
fbl n^noy. ^ 

The Appalachian or Allcffhany roomitaina, whirh run from 
north-nortli-east to uonth-wuth-west for 1000 luileti, varying 
in breadth from fiO to 150, and in height from 2000 to 6000 
feet, liave not, like the Ural chain, the features of a great rent 
in the oaa-th's crust formed by elastic forcen from beneaUi, 
and into which molten rocfcs were injected; tiiey are com- 
posed of Silurian, Derunian. afid earboniferoua rucks, in a ■ 
series of nearly equal and parallel ridjyea formed by tlexuren 

these rocks. The bendioju; and fracture of the beds is 

eateat on the north-eastern or Atlantic side of the chain* 
"and the strata become less and Ipss difttnrbM aft they extend 
westward, until at len^h they regain their original or bori- ' 
znntal position ; thus offerinjer between the AUegbanies and fl 
the western boundan.' of the basin of the Mississippi, a couu- 
try very similar in conformation to that between llie Urals 
and the Baltic, and composed, to a c^reat extent, of similar 
rocks. The internal movements which caused these fiexorea 
took place, a^ in Russia, subsequent to the carboniferous 
period ; and on the eastern side the igneous rocks buve in- 
vaded the strutA, forming dykes, some of which ran for milea 
parallel to the main direction of the mountains. These igne- 
ous rocks are largely developed to the north-east iu the States 
of New Hampshire, Vermont, and Maine. ■ 

Near Worcester in Maspacbusetts, MrLyell observed mica- 
sohist containing beds uf unthraelte, tlie mica-schist includ- 
ing gameta and asbestns ; and he states that he is strongly 
inclined to believe, thiit however crystalline they may be, they 
are no other than carboniferous i-ockB in a metamorphic state. 
There are many other places in Rhode Island and Masso- 
chusett-s of similar transformations, especially in the neigh- 
bourhood of manses of granite and syenite.* The coal, wbicbf 
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wextwanl of the Alleglianiea. is hig^ily bitUTninous, as it ap- 
proaches the igneous rocks to the ea«t, gradnally loAes its bi- 
tntnimiua and gaseouH contents, and is finally converted into 
inthracite. 

The conoltiding^part of the first volume of the Mooadsariflft 
of the " Bulletin de la Soci^t^ ticologifjae de Frftoce,'* pub- 
lished last year, contains an interesting, and, in many respects, 
highly instructive account of the proceedings of the Society, 
at tljeir meeting at Chambcry, in August 1844- During the 
sixteen days it continued, several valuable papers were read, 
tuid interesting discussions thereon are reported. Among 
others, the subject of metamorphism was frequently brought 
forward, and it appears to be the settled opinion of the most 
eminent French, Swiss, and Italian geologists, who have 
Ihorougbly examined the Alpine regions, that a great pro- 
portion of the mica-schists, talc-schists, and clay-slates of the 
Alps, lung held as types of primitive rocks, are unquestion- 
ably deposits of secondary age, metamorphosed by igueous ac- 
tion. The neigh Ixjurhood of the place of meeting is described 
by the Archbishop of Ohambery, — who took an active part in 
the proceedings, and who, fi*om the communications be read, 
icems to be a zealous geologist, — as one of the countries of 
Europe the most interettting in this respect, and one in which 
the roodificationa of mctamorphic action may be traced from 
its commencement to its extreme intensity with the greatest 
facility. At the conclusion of the meeting. M. Virlet read a 
pi4)er on the participation which veins have had in metamor- 
phic action, and brought forward some new views on the theory 
of metamorphism. lie states that it has gonei*al!y been held 
to be the result only of the action of plutonic rocks on the 
sedimentary deposits with which they come in contact, but 
that it is a far more complex operation, and is probably the re- 
mit of several causes acting either simultaneously, separately 
or successively ; among these he is disposed to ascribe much 
to the addition of new materials, insinuating themselves in 
the shape of gaseous emanations from the interior of the earth. 
He also dwells much on the matter injected into fissures, 
forming reins, a« having had great effect, maintaining that in 
all metalliferous regions, the greater the number of veins by 
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wliicli they are tmrersed, «o is ilie degreo of tnetainorpbism 
iiicreoaed. He insiata much on the metamorpbic action of 
quart* veiaB, which he holds to be of eruptive nature ; refers 
to the growing conriction among geologists, that, in many 
.o»»eft. there have been eruptions of veins of calcareous spar; 
ADd even ascribeB the veina and !<lender ramifications of gyp- 
smn. in the argillaceoua beda of the lias of Burgundy and the 
other eastern provinces of France, to eruptions of sulphate of 
lime. 

(7\ikf eowtttnUd in MUrl JVwnfarr.J 



On the Surface of the Moon. By Captain RozET. 

M. Klie de Beaumont has already been enabled, by means 
of the beautiful solenographic delineations of Lohrmann, and 
of Beer and Madler, to make some very remarltable compa- 
riaous between the forms presented by certain portions of the 
mountainous masses of the earth, and the annular openings 
of the surfjice of our satelUte. 

Duriug the summer of 1S44, one of my friends having di- 
rected ray attention to the circular forms of nearly the whole 
of the variations of the lunar surface, T have devoted myifelf 
aince that time to the study of the phenouieua presented by 
these variations of surface, having, at the same time. caHed 
in tlie aid of the beautiful German maps, and of various works 
already published on the subject. 

The coiitcjora of all the great greyish spaces which, for a 
very long time, have been termed Seag, although it is known 
with certainty that they cannot be masses of water, are 
formed by ai*cs of circles which intersect one another. The 
number of arcs aometimea amounts to two, rarely to one 
mare critium. These contours present circular escarpments 
which seem perpendicular, but the inclination of many of 
which ia 4!) degrees. The matter compoaing them appears to 
be swelled up, and their height often exceeds 4000 metres 
(upwards of 13,0UU lilnglish feet). In the interior of the aeas 
we remark annular openings or perfect rings, whose diame- 
ter amounts to 10 myriametres (upwards of 60 English miles), 
the height of whose terminal ridge is 4000 metrea. Seve- 
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nil of them have a peak in the centi-e. which is a little less 
elevated than the edges of the rin^- 

The lui*ge grey spots cover a great portion of the noHhern, 
eastern, iind western regions of the disc, and leave in its south- 
ern part a brilliant space, covered with an infinity of rings 
of all dimensiuQs. These rings iwa simple and iHuSated, com- 
plex, or united together, two and two, three and three, &c. 
When they tourh one another, the contflurs are always ren- 
dered imperfect; and it is generally the smaller one which 
encroaches on the larger. In the interior of the large rings 
there are almost always present smaller ones, which cut the 
edges when they touch them. The bottom of the rings seems 
to be flat, but that bottom often presents elevated portions, 
arranged in arcs of circles parallel to the external ridge ; so 
that the rings would seem to have been formed at the 8m*face 
of a fluid mass on whieh atori* were floating, by means of a 
circular undulation, whose amplitude went on diniintshlug. 

The bottom of the great spots, such as the mare oereni(ati», 
kc.^ exhibits the same charact*!rs. Simple spots are also to 
be noticed, or portions having no projection, but whose cir- 
cular forms are well marked. It caiinut, therefore, be called 
ID question, that a general canse, producing these circular 
forms, has had an immense influence in the formation of the 
solid craat of our satellite. We can pei-fectly aecount for all 
the facts now enumerated, by supposing a number of whirl- 
pools in the fluid matter, whose amplitude diminished with the 
Hoidity of that matter. Nothing is to be Been on the surface 
of the moon which reminds us of our chains of mountains 
with their latcml branches, or nf our great valleys with their 
nomcrous ramiflcatioTJN, &c. We see, indeed, many well 
marked fissures, as, for example, at the bottom of the mare 
taporurn ; but these fiasiires are simple : several diverge from 
one centre.as in Tycho, Copernicus, Kepler., &c., and form ra- 
diating cracks, analogous to those in Von Buch's craters of 
toulevementy but much more considerable. One of the fis- 
■ures of Tycho traverses the moon diametrically. A conti- 
Dtied Btudy of the vnrious portions of the moon, under all in- 
clinations of the .>tolar rays, enables us to recognise two layers 
which are quite distinct, but two layers only ;— the bottom of 
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the f^&t grfjitth npucefi, wbteli is also tliai of the nnpt ; and 
a scoriacLMJUH crust, uk'valcd abuve ikut buttuin tii a height 
which has bfen inoaAured at a fpmtiX number of points. These 
meaRiireinent« have affcmled me the means of calculating the 
tJiickut'SS of this cntut, uiid I found that the mean is 643 
metres (2106 English feet). 

From all the facts I have ascertained, and from all tlie de- 
duotions to which these facts have led me, I tbink I may draw 
the following conclusionii :— 

1 . The lunar globe has originally been in a state nf fusion, 
and has been gradually cooled. 

3. During the formatioti of the external scoriaceous pellicle, 
tliere exist«<I in the maxs whirlpools or circular movementii, 
which, driving the scoria* from the centre lo the circumfer- 
ence, formed annular ridges, by the uccumulaiiou of those 
acnris) at the limit of the nndulntiun. When sevei'al whirl- 
pools occun*ed in such circumstances, that the diatajice of the 
centres, taken two and two, was less than the sum of the 
radii, there resulted an enclosed space, bountlpd by arcs of 
circles. Wlien the distance of two centres was greater tbas 
tiie sum of the rudii» two complete rings were formed. 

3. The amplitude of the whirlpools diminialied with the 
fluidity of the surface, but the phenomenon continued through- 
out the whole duration of the pi>oce3a of consolidation. 

4. The mode of fornmtiou which we assign to the lunar 
rings, altogether excludes the idea of craters resembling those 
of our voloanoes. 

5. The surface of our satellite being thus consolidated, no 
solid or liquid layer coming from tlie exterior was subse- 
quently deposited upon it ; for, otherwise, the small rings and 
the fissures would have disappeared. The perfect preserva- 
tion of all these variations in external configuration^ shews 
that no liquid has ever existed in considerable quantity, 
either at the surface, or even in the atmosphere of tlie moon 

6. After the complete consoUdotion of the external enve- 
lope, the matter which remained 6uid in the interior acted 
upon that envelope, and fractured it, often giving rise to largo 
radiating cracks. At that epoch, the solid crust must have al- 
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ready been very thick, becnuse the iiASures ore of large di- 
tneusiuQS. 

7. As no liquid, in any considerable quantity, hufl ever ex* 
iated on the surface of the moon, or in its atmuephere* it ro- 
iiults that u« organiBpd beings, similflr to those of the cArth, 
eao ever have lived there ; and if tliat planet, as is pretty ge- 
nerally admitted, has no atmosphere, it can possess no beings 
in whose organization liquids form a part, and we cannot con- 
ceive of organic beings without liquids. 

8. Lastly, from the whole of my invcatigations, there re- 
sults the following important fact, viz., that the surface of 
Uie moon jiemiits us to see all the phenomena of its consoli- 
dation, and the traces of the revulutionn whitih it has under- 
gone. On our earth these phenomena are almost all con- 
cealed by aqueous deposits : but various regions, in which 
pocka i-esulling from fuHion have remained uncovered, pre- 
sent forms very analogous to those exhibited by the surface 
of the moon. It is probable that, if the terrestrial surface 
were stripped of the seas, and of all tlie sedimentary deposits 
which cover it, annular forma would predominate. The same 
may be said in regard to all the planets of our system ; for 
the circular undulations of matter in a state of ^sion, seem 
to me to be a consequence of the movements inherent in the 
(UfTerent bodies, which, by becomtng agglomerated round 
great centres of attraction, have formed those planets.* 



* Tbe Hbove i« ■■■ flxtrart from a Al^tnoir wbich has very latelj been riifflrred 
bjr iIm: Prcneh AcadeiDyof ScieDcM to a committee, consLBting orMessn Arago, 
EUcdv ReauiiiOQt, and MoavUle. — Compttt Rtndut, vol. xxU. 




EObservationg on the J'rineiple of Vital AJfnitify a* i/Iugfrafed 
recent di$eoveriet m Organic Chetnisfr^. By Willia 
PULTKNET Alison, M.D., F.R.S.E., Professor of the Prac- 
tice of Medicine in the University of Edinburgli.* 



PART I. 




The moat iniportaut stepH in a science are (Lose w-hi< 
lead most directly to the eatablishment of principles or lawa 
peculiar to that science itnelf, and which constitute it» claim 
to be regarded as a distinct branch of hnman knowledge. It] 
has been long acknowledged that such is the character 
many of those phenomena of living bodies which depend oi 
nieclianical tnuvements, or changes of position in their par-l 
ticlea, and therefore that the laws of vital cunti*actions arc to] 
be regarded as equally elementary and distinctive principles 
in physiology, as the laws of motion or of gravitation in na- 
tural philosophy. But a di^iculty has been long felt, as toj 
whether a similar claim to peculiarity of the principle onj 
which they depend, can be urged for the chemical phenoi 
of living bodies. 

In laying down the first principles of Physiology ant 
Pathology, 1 have, however, unifonnly maintained the existr _ 
ence of a power peculiar to living bodies, and tu which the I 
terra Vital Affinity, as recoramended by several autliors, may 
be properly applied ; — a power by which " the elements of 
nutritious matter are thrown into the combinations necessary 
for forming the organic compounds, and restrained from en- a 
teriug into other combinations, to whiih they arc prune a» 
800U as life is extinct ; — a power which supersedes and coun- 
teracts ordinary chemical affinities in living bodies, as com-j 
pletely as vital contractions cnunteract Kravitation or the in-! 
ertia of matter." — {Outlimi u/ Human I^/ij/ shindy, p. 22.) And] 
in delivering lectures on physiology, I always expressed my] 
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belief that ft time would come, when discovericB in the che- 
mical department of the science, — eimnecting the iugesta 0^ 
living bodies with the nourishment of their different texturosj 
and with the nature of the different excretions, — would ehi- 
cidat« the chciiucul chuii^trs wlilcti arc continually going on 
in them, and are essential to their living state, as completely 
u the discovery of the circulation of the blood illustrated 
many of the conditions of the existence of living animals. It 
appears to mc that this anticipation has been more nearly 
realised by recent chemical observations, than profesftcd phy- 
siologists have yet admitted ;— thnt not only the existence of 
the principle of vital affinity has been established, hut its 
limits and mode of action, the cases in which it acts, and 
those in which it is unconcerned, are to a certain degree de- 
fined ; — and that a short and general illustration of these 
points may be of some advantage, if not to the progress of 
the science, at least to the due appreciation, and proper 
^neralization and expression of the knowledge which baa 
been already acijuired. 

To shew the importance of this inquiry, I need do no mora 
Ihtin quote a single sentence from Cuvier, with a statement 
which is nearly a commentary upon it by Professor Whewell. 
" It belongs to modem times to form a just classification of 
the vital phenomena; and upon the zeal and activity given to 
the task of analysing i\w forces which belong t-o each organic 
element, depends, according t« my judgment, the advancement 
of physiology-"* " As the vital functions become better un- 
derstood, it was seen more and more cleoi'ly at what precise 
points nf the process it wi^is necessary to assume a peculiar 
vital energy, and what sort of properties this energy must 
be conceived to possess. It was percpived when, and in what 
maimer and degree, meclmuical and chemical agencies were 
modified, ovoiTuled, or counteracted by agencies which must 
he h'jper- mechanical and ht/per-chemical.^'' *' In attempts to 
obtain clear and scientilic ideas of the vital forces, we have 
first to seek to understand the cause of change and motion 
in each function, so as to see at what points of the process 
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pecnliar ratifeA come into play ; and next, to endeavour 
obtain some insight into the peculiar character and attribui 
ofthew coTttet."* 

When wc tmy that the chemical chnngeH which take ph 
In living bodicfl are elucidated, wo mean, of conrse, that the) 
are referred to general laws, by which the phenomena ot 
aervcd in this department of Nature are found, by experi« 
enco, to bo regulated. And when we say that these are IawbI 
of \-itality or of vital action, we mean merely, that they artfj 
laws deduced from the observation of phenomena peculiar toj 
the state of life, — taking for granted that it ia alwavftpoa 
flible to describe, and practically to distinj^uish, those sub- 
stances which we call living, Irom inorganic or dead matter; 
and that the only correct definition of vital principles or 
powers, is, that they arc the laws or the powers which rega-1 
lat-e the phenomena that are peculiar to the state of life.] 
They are the general expression of the results of the obsor- 
ration, and generalization of the facts, which are observed in ' 
this department of rattire, and which are ascertained to be>j 
long to this department alone. 

We are not, indeed, justified in asserting the existence of 
laws peculiar to the state of life, merely by the nfffaftve ob- 
servation, that the phenomena referred tu thum are tnexpli- 
caMr hy any known laws of inorganic or dead matter; we 
must have the jwjti/ive observation that they are inriingisfnit 
nnth — that they take place iu despite of — the laws which re- 
gulate the changes of dead matter. It is thus that we are 
led \ia ascribe the visible movements of living bodies to vital 
powers ; not because we do not perceive how gravitation, 
elasticity, or any otlmr known causes nf movement in dead 
matter, should produce them, but because we do perceive, 
that, in the circumstances in which we see these motions, nil 
those principles, deduced from the observation of dead mat- 
ter, would determine either rest, or motion in a diffcrvnt di* 
rection from that which really takes place. 

I formerly laid before this Society the grounds of an opinion, 
then much disputeil, but now, I think, pretty generally ad- 



* PbiloMiphy of tfae loductire Sciaoces, vol. U., pp. 39 «ad 47. 
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Biittcd, that there are Attractions aud Kepulsions. as well as 
oontractions, peculiar to the livin;^ stat€ : chie6y. but not ex- 
clusively, obaerved at those parts where chemical changes are 
offuctcd in living bodies, and connected with these changes ; 
and. without reference to this general fact, I maintain that it 
U impossible to have a right underatandini? of many pheno- 
mena of essential importance in physiology and pathology.* 

But the general priucnple is obviously ei|ually applicable 
to chemical chan^os as to mechanical uiovcaients. It is not, 
indeed, so easy to ascertjiin, in regard tu chemical chanpcs 
ia living bodies, that they are truly inconsistent with the chfl- 
mifttry of dead matter ; the science must bo allowed to make 
some pro^^ss before this can be confidently asserted in re- 
gard tu any individual chemical change ; but no one can duubt 
Uut, as science advanccH, it must become possible to say wiili 
cerininty, whether the chemical changes in living bodies are 
cousistent with those laws which regulate chemical changes 
vUcwhere, or not; i.e., whetiier iiio same uUcmical elemeuift 
can 1>« so brought together by the chemist, as to tend to the 
SAUie cunihliiatiuns as are found in living bodies; or whether, 
ia bis hands, thoy will enter uniformly into other combuia 
tions. and form different compounds. 

Farther, it appears to me that, even before any of the re- 
ocnt discovciies, it might be legitimately inferred from facts 
already known, that this last description is truly applicable, 
io some cases, to the chemistry of living bodies. It was 
known, for example, that when water, impregnated with car- 
bonic acid and with a small proportion of ammonia, is brought 
into contact with vegetable substances, in a certain stage of 
ttiuir existence, tho elements of these bodies rapidly combine 
80 as to form starch, albumen, ami oil, which are oddi-d to 



• Profcseor Whew&ll, in Via iiuCructive n'bstra.cl, of the fjeiioral prinoipic* 
■HtirlMim'd In Phy Biology, regard! it m «aln.'bli«heil, i^lik-lly nii thn (lutharitj nt 
Ntildftr, in rvfi^ril to the vital furuit conoeru<!Ll iu itsiiiinilnlion hint pecretioUfthat 
" U luM nu^ctiiuiical elDcftcy, {inMlut^ing inutluDg, !i.c. iSut it uxprts at ttifi stmi! 
[>^■Int ImjUi mm nttrkction iinil u rc^uUiun, nttrm-tin^ iimt.lti;* uii one nidc- aTid r$- 
ptUiii^ it on tho other ; and In this it difTc)!-! entirely fmm me'chnnkn] ftirres.*— 
fWatcfik}/ of InUitetive Seinteet, rol. U.j }>. 61. Suu also Cftrpentur's Miutwil o/ 
Apiittafff, § 597, tt uq. 
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the Bubntanco of the vej^etjiMe. — tbul under uo other circum- 
Htancofl cftii water, ettrbuuic OfiJ, and aiumuniii. or their ele- 
mpntft, be made to form theiw comjKitinds, — -ami farther, that 
alter a time, when brought into contAci, at the »ame tempem- 
ture with the same vegetable aubstanec in an ulterior slac:c 
of its cxintence, they will foiin uu mich compounds, but will 
aid and participate in the HncceBBive changes to which vege- 
table matUT 18 liable after the phenomena of its living state 
are over, and of which the ultimate result is, the resolution 
of that matter into its original constituent!). And fi'om these 
facta it seems quite reasonable to infer, that during the for- 
mer, or what we call the living state of the vegetable, certain 
affinities peculiar to the living sUite — *. f., certain vital afii- 
nities— actuate the elements of which it is composed. ■ 

In asserting the existence of vital affinities, we do not. in 
the first instance, give any opinion wht^tiier it is by the addi- j 
tion of certain chemical attractions, or by the suspension offl 
others, during the living state, that the chemical changea pe- 
culiar to that sta-te are effected ; we assert nothing more than j 
what is, as I think, correctly stated in the following sentence ■ 
of Liehig : — '• The chemical forces in living bodies are sub- ~ 
ject to the invisible cause by which the forms of organs ai'e J 
produced." " The chemical forces are subonlinate to thisf 
cause of life, jnst as they are to electricity, heat, mechanical 
motion, and friction. By the intiucncc of the latter forces, 
they suffer changes, in their direction, an increase or diminu- 
tion of their intensity, or a compieteeeagation or retertal of tSeir 
action , 

" 8ucli an influence, and no other, is exercised by the vital 
pnnciple over the chemical forces." ■ 

" The equilibrium in the chemical attractions of tlic con- 
stituents of the food is distiu-bed by the vital principle, a« we 
know it may be by many other causes. The union of its ele-J 
ments, so as to produce new combinations uiid forms, indicat 
the presence of a pectUittr tmide of attraction^ and the exiatenc 
of a power distinct from all other powers of nature, vie., the 
vital principle." — {Organic Chemigtry, §*r., pp. 355, 357.) 

in these pastiages I think that Liebig has expressed him* 
self with perfect accuracy ; but in other parts of his writings 
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he iiscB lanj^age in i*egfii*d to the nature »nd results of che- 
mical clmnjtres hi livin;; budieu. wlik'li iteetiis to me vA^ue and 
ftpecniative, and even ineonaiRtent with what he had stated 
in the paasages just quoted, e. ff., wheu lie says that " the 
ultimate causes of the different conditions of the vital force in 
nutrition, i*epi*oduction, imiacular motion, &c., are chemical 
fyrcea." — (Organic CVwinistry, p, 10.) 

The following sentence by Mulder expresses the very same 
idea, although it might be thought, from the manner in which 
this author ejipresses himself against any lutroduutiou of the 
vital principle in thiR department of physiology, that he con- 
siders all the chemical changes in living structures to be re- 
ferable tu the same laws as in inorganic matter. 

** By a small organ of a plant a force u ezercined, exciting 
forces which slumhered in the carhnn, oxygen, and hydrogen, 
or rather viodifyinff (he forces which existed in Ihe^e, sa that 
12 equivalents of carbon unite with 10 of hydrogen and 10 of 
oxygen; and from 12 eqiuvalcnts of carbonic acid (12 CO,) 
and 10 of wjiter (10 H O) starch is produced, 12 1 H 10 O, 
24 of oxygen passing off." — {Chemistry of Vegetatde and Ani- 
mal Pkysiohgyy p. 67 )* 

But it \% important tu fix our attention, for a i^hort time, 
on the instances adduced by Mulder, of the formation of 
starch, or some of its "allied componnds, out of carbunic acid 
and water, by the combniation of the carbon of the acid with 
the element* of water, and the expulsion of the oxygen of the 
acid ; because this is the grand and fundamental povrer, 
which must have been tailed into operation when organized 
structures were (irst created on earth, and on the continued 
exercise of which the existence of all such structures, v^^- 



* Id tbe foregoing and other tratisLatlong ftuni rpceiit Uermaa writer*, the 
trord/ci-M U usod lu k n^nii): which I tJiiuk would ba much bettor Gxprciioil bj 
tbv t«nii p<^fr VT p<<fftrx^j, mpivly on this accoutit, tbat tlic Kngli;>l) word fores, 
ia phyucal lii Kriunfiune, liaB umiully n prods? anJ limitod meaning aligned to 
It, V ■ cjktisp c&pablc of [irutluuiiig vidibtu nintioii. &iti] of wMch tvu ImvB b 
nnMure. either in th« v<>l(Kityor in tbe quautU> of matian wbicb it i:aii esciln; 
■tMtruui ttie term powar or pioifeity, ujiplied to any mitterial subacauce, litm % 
mar« general meaning, at simply Uie iMiutie of cliange of any kind, uriil In th«rc* 
fnrv ajipltrnbU- where th« result of the propeity ascribed to an^' ftuluitiLiivn vavj 
Iw vpry tliiTeretit fmin vtiiihiR inotloii. 
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table and aniiniil, is bUU esBenttaU,v depcotlent; and beruuse 
Ihe mmplieity of the process makeB it a tit case for consider- 
ing the question, whether the power here named is strictly 
entitled Xo the epithet vital ; or whether, as acme eminent 
phyniolojipAtfi in this country maintained, the idea expressed 
by that term is incorrect and unscientific. 

The opinion of those who oppose the doctrine of vital affi- 
niiy^ is tlins distinctly stated iu the Anatomy of Dra (juain 
and Sliariiey : 

" Although the products of chemical changes in living 
bodies for the most part differ from those appearin)^ in the 
iiior^nic world, the dlt^'freuL-e is nevertheless t^i bo ascribed, 
not to A peculiar or exclusively vital affinity different from 
ordinary chemical affinity, but to common chemical affinity, 
operating in circumstances or conditions which present them- 
selves in living bodies only ; and undoubtedly, the progress 
of cheniistry is daily adding to the probability of this view." 

I consider this to be a hasty and ill advised statement; 
and to shew this, I request attention, ^k/, to the peri'ect sim- 
plicity of the apparatus by which this change is etfoctcd. 
"In all plants," says Miilder, "there exists a small organ, 
of the most simple form, although employeil by nature for 
the most varied purposes. It is a small tilmy sac, a tlun 
membrane, which encloses a small spacc> which it enables to 
conniiunicate with the exterior upat^e through invisible pores. 
These little sacs or cells are the chief organs of plunts. A 
countless multitude of them, grouped together, forms the 
whole bulk of the plant, so tliat if every tiling except the 
cells be dcstroycKl, the shape and size of tlie plant are not in 
the least changed or diminished." 

Into this simple uppuratus in certain parts of plants, water, 
impregnated with carbonic acid, is introduced, while the 
plants exhibit the phenomena of life ; and let us next observe 
the intensity of the acliun by wbicli the carbonic acid is tliere 
decomposed, the carbon attached to the elements of tlie war 
ter, and the oxygen act free. ■' This is done by a power," 
says Liebig, " to which the strongest chemical action cannot 
be compared. The best fdea of it may be formed by consi- 
dering, tliat it surpasses in power the strongest galvanic bat- 




tery» by which we are not able to Heparato the oxygen from 
carbonic acid. The fiftinity of chlorine for hydrogen, and its 
power to decompuse water, wnder tl.e inlfuonce of light, and 
»et its oxygen at liberty, cannot be considered as nearly 
ec)ua1ling the power ami energy with which a leaf, separated 
from a plant, decomposes the carbonic acid whicli it absorbs." 
—{prganic Cheitmtrtf, p. 134.) 

Next let uR observe the extent to which this energetic 
power is exercised by living plants. Perhaps the most ac- 
curate idea of it may be formed li*om attending to the ittiitc- 
ment of Theodore de Saussure, that on a mean of 54 obser- 
vations made in a country lUstrict, the proportion of carbonic 
acid in the atmosphero during the night was to its proportion 
in the day-time as 432 to 398, i. e., the carbonic acid exist- 
ing in the atmosphere was fuund to be diminished very nearly 
10 per cent, in a few hours of every day ; and, for this diuii- 
nntion we know no cause, except that this power of the grcon 
parts of vegetables, of decoitipusing the carVionic acid of the 
Aiuiospherc, is exercised only under the infliiciicf of light.* 

Now if a power of this extrat>i*dinary energy and extensive 
c^ration, and acting in so very simple a manner, wore really 
to he regarded as depending only on ordinary chemical affi- 
uitics, exerted under peculiar conditions, it might surely bo 
expected, that the chemist might so regulate the conditions 
under which he might bring together carbonic acid, air, and 
water, as to exhibit some traces of this power, and effect 
some decomposition of tlie carbonic acid and evolution of 
oxygen. But we know, ni;t only tbut this cannot be done, 
but that when air, water, and carbonic acid, are introduced 
into the very same vegetable colls, within half an hour after 
they have exhibited this phenomenon, at the same spot, under 
the same light, and at the same temperature, they will not 
only fail to exhibit the game change, hut ivill uniformly ex- 
hibit the very reverse, *. c, the absorfitiou of oxygen and the 
formation and evolution ot carbonic acid. 

Nay, wc know tliat it is only in certain cells of tlie living 
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Tegetable, that tliis |>cc-uliar chemical cfaan^, under the aC' 
tion of lipiht, is effected ; the sauie fluid, iulroduced into cell* 
oomposL'd of the same inat<?riftl in the parts of fnictific&tiou, 
undergoes no such change ; but, on the contrary, gives occa- 
sion only to the reverse process, the absorption of oxygen 
and evolution of carbonic acid.* 

Then it is to be remembered, that this complete inveruon 
of ordinary cliemical atfinities, in the case of the living plaat, 
is only one of several cases to be afterwarda noticed, where 
we see chemical compounda uniformly formed in living bodies, 
quite distinct from any that can be formed by the chemiitt 
from the same elements, and quite distinct fi*om those to 
which the same elements uniformly revert, after the pheno- 
mena of life are over. 

Lastly, we must remember, when we see this apparent in- 
version or alteration of the ordinary chemical relutiona of 
matter, taking place iu the interior of living bodies, that in 
that scene, by the admission of all. matter comes under the 
dominion of mechanical laws, which operate in no other de- 
partment of nature ; so that it Is quite conformable to analogy 
to suppose that its chemical relations will undergo a similar 
moditicaiion. 

When all these constitlcrations are duly weighed, I cannot 
perceive what further evidence can be required in order to 
justify the exjiresaiori which I have quoted fi*om Lieblg, viz,, 
iliat the " netc cotnlti/iaeiunn," as well as the forma, assumed 
by that matter which goes to the composition of organized 
beings, *' indicate the existence of a power distinct from all 
other powers of nature, viz., the vital ]>nnciple ;" i.e., tiiat 
the vit4vl principle regulates the charges of chemical composi- 
tion, as well as the changes of position wliich the particles of 
that matter undergo; which is more simply expressed by say- 
ing, that there are vital attinities as well as vital contractions 
and attractinna. 

But even if we are to.i'Cgai'd it as duubtful whether or not 
ordinary chemical aflinities can determinej under any condi- 
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tions, tbis decomposition of carbonic acid and evolution of 
oxygen by its contact with carbon and the elements of water, 
I maintain that it is Huund philottnphy, when wo see this and 
other rapid and extensive and important chemical charges, 
essentially different from those which the same elements pre- 
sent under other circumstances, uiiifonnly attending the pbe- 
nomena of life in vegetables, — to investigate and generalize 
the laws by which these changes are regulated, aa lawt* of 
living action, leaving it open to future ini{uirer3. if they can, 
to resolve them into other laws of move general application. 
For althongh I acknowledge the force of the aphorism, 
" Fru»tra fit per plura quod potest fieri per pauciora," still I 
apprehend, that in every case to which this aphorism Is ap- 
plied, the potest Jieri must bo established, not by conjecture, 
but by experiment ; otbervviee we full into the error, so 
sti-ongly condemned by Bacon and others, of prematurely gene- 
ralizing, and supposing the laws of nature to be fewer and 
mure comprehensive than tliey really are. 

Having thus, in reference to this first and simplest ex- 
ample, vindicated the soundness of the principle which I pni- 
pose to illustrate, I think we may next shew, that the main 
object of inquiry in the chemical department of physiology is 
more simple and precise, and the extent of that inquiry, ne- 
cessary to elacidatfl most questions in physiology, much leas 
than might be supposed from the mnlttplicity of details, of 
wbicli what is called the science of organic chemistry is made 
up. After what Liebig calls the " peculiar mode of attrac- 
tioa" which operates in living bodies, baa led to the formation 
of certain organic compounds, these compounds lose their con- 
nection with living bodies, become liable to an infinite number 
of changes and decompositions, and thus give origin to an in- 
finite variety of substances — generally of temporary duration 
only, because retained in their forai by attractions of no great 
intensity — applicable to many useful purposes, but foreign to 
the inquiries of the phjfsiahifist. He is concerned only with 
the chemical changes which take place in Uintiff bodies them- 
§elve*, and during the state oj life ; and the results of recent 
inquiries aeem to me sufficient to shew, that the fundamental 
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and peculiar arrangemontD of chemical elements there ob- 
served are less numeruiis.and the laws regululing them mure 
Biinple, than they have usually been thought 

In considering this subject, we are enabled, by the resuHs 
of Uie inquiries of t^^ologlsts and pfayaiologista, to revert to 
the period of the introduction of living bodies into the world, 
and reflect on the conditions then assigned for their existence. 
We are justified, by reason, iu allowing the imagination to 
fall back on the time'when this Earth rolled tliruugh space 
an inanimate mass ; and if any minds, besides that of the 
Great Ruler of the univerae, were connected with it, they did 
not hold their connection through the medium of any oi^an- 
ized structure. For I believe we are justified in laying domi 
these propositions as estabUsheil.^^/, That the simply phy- 
sical arrangements of this globe were completed before anv 
organized beings were created ; secondly, That vegetables 
were created aud lived chiefly on the atmosjihere, fixing large 
quantities of cai'bon from it on the earth's sorfaee, before ani- 
mals were called into existence ; and, thirdly. That at what- 
ever time their existence began, either the first living being 
of every species, vegetable and animal, or the 6rat ovum from 
which that being was developed, must have been fonned in 
a manner wholly different from that in which any living 
bodies, at least of the higher orders, are now reproduced ; i. e., 
that they must have been formed in a manner strictly miraca* 
Iqur, and, of course, beyond the limits of physical science. 

But ftlthougli we cannot ascend higher, in prosecuting this 
subject, than to inquire in what manner the first plants, or 
the germs of the first plants, were enabled so to act on the 
inorganic matter around them as to extract from it the mate* 
rials, first of their own growth and sustentation, and after- 
wards of all other organized beings, — yet in the inquiry, thus 
limited, important progress has been made. From the time 
when these nascent organized bodies sprung into exiatence, 
we must i-ogard it as an ultimate fact, that they were endow- 
ed with the power, which all the vegetables that have suc- 
ceeded them have exercised, of so modiiying the attractions 
existing among the particles of matter, as to cause many of 
tliese particles from the air and the water immediately sur- 
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Kraocling them, to enter into (heir substance, by their roots 
and leaves, or by the orjyans which soon became their root* 
and leaves, and then to arrange them»c1vc8 there, in thoae 
peculiar forms by which the numbcrlvas species of the vege- 
table world are characterized. I apprehend we must al»o 
regard it as an ultiumte fact, that they were endowed with 
the power of so modifying the chemical relations of the ele- 
ments composing tJiose absorbed mattera. as to select and re- 
tain certain of these elements, and allow others to pass away 
from them, to decompose the carbonic aeid, fix the carbon, 
and invest it with those peculiar afliniticH for the water, the 
hydrogen of the water, and a few other elements, contained 
m the surrounding media, by which all the proximate princi- 
ples, tii*st of vegetables and then uf animals, and therefore 
the whole substance of organized beings, are formed. 

But it is important to have a precise exj>ositlon, although 
not an explanation, of the power thus exercised by the Hrat 
plants; and it is still more important and satisfactror)' to Iw 
able to shew how. by the exercise of these ant* analogous vital 
powers, the atmosphere must have been gradually changed, 
the proportion of carbonic acid in it diminished, and the pro- 
portion of oxygen increased ; how it became fitted, and is kept 
fitted, for the residence, first of cold-blooded and then of warm- 
blooded aniraaltj ; how most of tlie other conditions of exist- 
ence of these animals have been, and still are, continually 
prepared for them by these living actions of vegetables ; how 
all the variety of the textures of all organized bodies, fi'om 
the origin of vegetables to the death and decomposition of 
animals, are continually formed and maintained; and how, 
both divisions of organized beings, Natiu'o has provided, not 
for the peiTuanent existence, but far the development and de- 
cay of Huccessive generations of individuals, and thus for the 
perpetuation of the species. These are the subjects of inves- 
tigation in the chemical department of physiolog}' ; and if it 
can be shewn, that, by a few simple laws, regulating what 
ve call vital attractions and affinities, L e., modifying, in or- 
ganized bodies, the attractions and affinities to which matter 
is evoryw'here liable, provision is made for all this succesaiou 
and conUnual renewal of the phenomena of life ; then, al- 
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tJiou^i wc cannot explain the intrwluction of living beings 
into t]ie worit), any more than wo can explain the diBttein I nation 
of the stars thruughuut space, — althuugb we must always re- 
gard the appearance of organized bodies on the earth's sur- 
face as the clearest indicatldn which Iruman knowledge pit- 
Rents of the subjection of the universe, not only to general ^ 
lawft» but to an arbitrary Will, superior to these laws and I 
changing tlieui at pleasure, — yet I think it may be said tlint 
we have nearly as clear an insight into ilie designH and ar- 
rangenient« of Providence for the maintenance of living beings 
upon eai-th, and for the eternal reproduction of tliein there, 
ao long as these laws shall be in force, as we have into those 
by which the movements of the heavenly bodies are directed 
and controlled. 

1. Our first business is to study the facts that have been 
ascertained iw regurii to the simplest form of chemical change 
to which the term vital may be applied, which is merely ae- 
leciion. hy a portion of living mtrurtnre, of some one Hubstanoe 
existing in a fluid, and the couse4[uent attraction of this to a 
particular part of the structure, while other materiala, equally 
presented to that living part, are excluded. 

Wc need not here enter into the question, on which che- 
mists and agriculturists are not yet agreed, whethor the 
nourishment of plants, in the present condition of the earth's 
surface, does or does not refinire the pre-exiatence, in the 
soil, of organic- toinjionitds, rei^ullLtig from previous living i 
beings, which arc absorbed from it. But we may justly ^vt: ■ 
the name of vital attraction or affinity to that powur by which 
certain saline matters, dissolved in the compound fluid wl.ich 
is absorbed, are retained in the substance of the plant, while 
others are returned to the soil. " llie experiments uf Macaiiv 
Ppincep.'* says Liebig, " have shewn that plants, made to ve- 
getjite with their roots, first in a solution of acetate of lead, 
and then in rain-water, give back to the latter all the salt of 
lead which they bad previously absorbed. Again, when a 
plant., freely exposed tfl the air. rain, and light, is sprinkled 
with a solution of nitrate of strontian, the salt is absorbed, 
but is again separated by the roots, and removed farther 
from them every shower of rain, so that at last not a traieof 
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it 18 to he foand in tlie pliint- A fir-tree, tlie aslies of which 
were analyst^d by a most accurate chemist, grew in Norway* 
on a soil to which common salt was conveyed in (freat quanti- 
ty by rain-water. How Jid it. happen that its ashes contained 
DO appreciable quantity of salt, although we are certain that 
ita roots must have absorbed it after every shower T We 
can explain this only by the obsei'vationa above referred to» 
which have shewn that plants return to the soil all Hubatancea 
unneceKBary to their own existence ; and we are thus led to 
Ihe conclusion that the alkaline bases, existing in the ashca 
of plants, must be necessary to their growth, since, if this 
were not the case, tliey would not be retained." (lb. p., 103, 4.) 
Another inference is at least equally obvious, that plants bare 
the power of fixing and retaining within them those matters 
which are suited or essential to their componitioti ; and this 
power we regard as the simplest form of vital affinity. It may 
be said, that the alkaUne bjises nro thus fixed in plants, because 
they enter into combination with organic acids, and that, 
therefore, it is the formation of these acids, notthci'etention 
of the bases which combine with them, that is truly the vital 
change. But this does not apply to other saline matters con- 
tained in vegetables, which must have been taken up from the 
soil in the same state in which they are found in the plants^ 
c. ff,, the phosphate of magnesia, wltich is " an invariable in- 
gredient in the seeds of gi-assea ;" or the silica which ia found 
ia certain parts of various plants- 
Were it not for tliis selecting anil appropriating power, 
indicating a simple attraction of some parts of the vegetable 
for certain earthy or saline matters only, we should find some 
salts of alumina, as well as of lime or magnesia, in the ashea 
of almost all vegetables, — that earth existiug in large quan- 
tity in all fertile soils, whereas it is " very rarely found in 
the ashes of plants.'* 

In the animal kindom the same power of simple selection 
and extraction is more fully exempliiieii, perhaps most strik- 
ingly in the development of many of the lower classes, of 
which the organization is simple, and the matters deposited 
from the nourishing Ouid i*emarkably diversified, as in many 
of the radiata and moUusca, which have horny and earthy 
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into^menlB. And in all nnimals, so fnr as any cbemieal 
change is eflccttjd iu tie vital actions of absorption, secretion, 
and even nutrition, it would appear to be chiefly of this sim- 
ple kind, consisting in the selection and appropriation of com> 
pounds already existing in the fluids on which these functions 
we performed, not in the formation of new compounds. The 
chyme which is found in the intestines of an animal duriog 
digestion contains all the compounds (albuminous, fatty, and 
extractive mattursj which are found in the chyle abaorbed 
from it, although these are in a different state of aggregation, 
and associated alao with other matters which are not absorb- 
ed. Since it has been ascertained that the compounds which 
used to be tliought peculiar to the greatest secretions in the 
body, the bile and the urine, pre-exist in the blood, and are 
only evolved at the liver and kidneys,— ace amalating, there- 
fore, in the blood, when the secretive action of these organs 
U anspended, — it has become obvious that the main office 
of those organs is not formative^ but oiily atlracUve, to ex- 
trai:t from the blood compounds already existing there- And, 
although there is one material extensively employed in tiie 
formation of animal textures, viz., gelatin, which cannot be 
detected in the blood ; yet, as this is the only material so 
employed which cannot he fomid there, and as a substance 
very closely rcsemhling it is found there under certain cir- 
cumstances, we may assert thiit in animals by far the greater 
part of the act of nutrition, nnmcrons and diveraifieil as the 
compotmds forming the solid materials of animal bodies may 
be, is likewise of this simple kind. 

C To if- eou/JtuUtt in n*rl NtmArr.) 



On the Conafituiion and Properties of Pico/ine, a new Organic 
Base from Caal-Tar. By Thomas Anderson, M.D., 
F.R.S.E., Lecturer on Chemistry, Kdinburgh. (Fi*ora the 
forthcoming volume of Transactions of the Royal Society 
of Edinburgh).* 

Tlie careful study of the pTOcIucts of destructive distillation 
has enriched organic chemiatry with an extensive series of 
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reBiilt» of unexpected intereRt and importance. These re- 
sults have ftSectcd, in do iitconsidefftble ilepfree, the recent 
progress of the science ; and their influence has been of a 
t^'ofold character, both general antl particular, exerted in 
the former case iu the development of some of the more re- 
markable g^eneral doctrines of organic ehemistry ; in the lat- 
ter, in the important light thrown by their investigation on 
Uic constitutioD of the substances from which they are de- 
rived, and the facilitie>t they have afForded of following out 
cOQDCctioas, which the exaniinatlon of the original substance 
etiher does not at all present to onr view, or, at least, indi- 
cates only in an imperfect or dubious manner. Added to 
to this, we have tJie remarhuble fiict of the appearance among 
tbcae products of substances in some cases identical with 
those occurring in o:^anised beings ; and in others, present- 
ing analogies of the very closest cliaracter with the actual 
producto of vital affinity, which, token together, afford abun- 
dant reason for pursuing the investigation of substances 
which have already afforded results of so remarkable a cha- 
racter. 

Setting aside altogether those substances, the occurrence 
of which is so frequent, that they may be called the general 
products of destructive distillation, such as carbonic acid, 
light carburetted hydrogen, olefiant gas, acetic acid, &c,, 
it may ])e laid down as a general rule, that each individual 
com[>ound prwluccd during such a process, is fomied by the 
destruction of a limited number of substances only, which 
bear to each other, and to the prodqct, a more or less inti- 
mate connection in nnns^titution or chemical relations. In 
tfaoHC instances in which we have been enabled to submit to 
destructive distillation substances of a definite and simple 
constitution, in a state of chemical purity, and]where an uni- 
form temperature has been pTORcrved, the results have been, 
for the most pari, of an exceedingly simple and intelligible 
character ; but in proportion as the atom becomes moi*e com- 
plex, 80 also do the products of its decomposition, and the 
explanation of the results is found to bo proportionately dif- 
ficult and unceHoin. These dlfhculties and uncertainties are 
increased in a still higher degree, in the case of a substance 
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ancb as coal, where we haTe to deal not merely with one 
complex at<im but with a congerieti of Heveral such, and where 
the prooesf* is performed on the large scale, and under a 
variety of perturbing influences. The distillation of coal is, 
in fact, attended by the formation of about twenty different 
substances, the constitution and proportief* of which have 
been examined with different degi-ees of accuracy, and which 
present among them instances of almost e^ery species of 
chemical compound. The discovery of six of these substances 
is due to Rntige,* who published, about fourteen years ago, 
a very interesting memoir containing au account of their 
general properties. Of these substances, three are possessed 
of acid properties, and three are bases, to the latter of which 
he gave tlie names of Kyauol, Lenkol, and Pyrrol, from the 
peculiar colours developed by the action of certain reagents 
on their salts. The two former of these substances were 
afterwards submitted to a detailed examination and analysis 
by Hoffman,! who arrived at the interesting result, that both 
are identical with substances wliioh had been independently 
obtained by the decomposition of certain well known bodies ; 
Kyanol possessing the constitution and properties of the Ani- 
line of Fritache, and the Benzidaiu of Ziniu ; while I>eukol is 
identical witli the substance descj'ibed by QerhanU under the 
name of Chinoline, and which was obtained by him as a pro- 
duct of the distillation of t^uinino, cinchoiiine, and strychnia, 
with caustic potass. Uoffiuau failed, however, entirely in 
obtaining any evidence of the presence of pyrrol in the sub- 
stance which he examined, and leaves in doubt the existanoe 
of such a compound. 

Having lately hod occasion to examine a quantity of the 
mixed bases contained in coal-tar. obtained by a method simi- 
lar to that of Kunge, but which, owing to a modification of 
the process, contained all the more volatile bases formed 
during the distillation of coal, I was led to try whether or 
not pyn*ol was to be found in it, and I found immediate evi- 
dence of its existence, by the characteristic red colour which 
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it gives to fir-wood mnisteaed with hydrochloric acid. The 
attempt to scpnrat^ this pyrrol proved that it was present in 
extremely minute quantity only, hut led tfl the discovery of 
a new base different from those of Range, for which i pro- 
pose the name of Picoline. and the examination of whose pro- 
perties formB the subject of the present paper. 

Preparation of Picoline. 

For the crude substance employed in the preparation of 
picoline, I am indebted to the kindness of Mr Astley of the 
Bonniugton Chemical Works, and it was obtained by the fol- 
lowing modification of Riinge's process. In the preparation 
of naphtha, from coal-tar, the first product of distillation is 
agitated with sulphuric aciil for the purpose of separating any 
naphthaline which may be present, as welt as a variety of 
substances in extremely minute quantity, which communicate 
to the crude naphtha the property of becoming dai*k-co loured 
by exposure to the air ; among these substances, of course, 
are all the basic compounds contaiupd in the oil. The snl- 
phuric acid which had been used fur this purpose was neu- 
tralised by impure ammonia obtained by a single distillation 
of the watery fluid of the gas-works. On the addition of the 
ammonia there was uo separation of any oil in quantity ap- 
preciable to the eye ; but npon distillation, the bases, which 
bad been dissolved in the Huid, passed over with the first 
portions of the water, and collected in a separate layer in 
the receiver. This oil, when it came into ray hands, pos- 
sessed a vei7 dark brown colour, a somewhat viscid consist- 
ence, and a peculiar pungent and disagreeable odour. It was 
heavier than w«ter, a layer of which, containing a small pro- 
portion of oil in solution, floated on the surface. The exfr- 
miuation of this oil proved it to consist, in addition to pica- 
line, of a mixture of pyrrol, aniline, an oily base possessing 
the general properties of leukol, and a thick heavy oil desU- 
tate of basic properties. 

Id order to separate picoline, the oil, along with the water 
which floated on its surface, was introduced into a retort and 
(»refully distilled. At first, water, accompanied by a little 
oil, p&ssed over, and then an oil by itself, which dissolved 
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completely in ilie watery fluid coDtnmed in tbe receiver. Ab 
the diBlillatiun proceeded, another oil made its appearance, 
which collected in a layer on the surface of the Hiiid which 
h&d prcviuitsly distilled. When about three-fourths of the 
oil bad passed over^ the proccBH was atupped, by which meaiu 
the oil. dcKiitut« of baaiu pnjperties. which requires a very 
high tomporaluro for its distillation, ivas left behind in the 
retort. The Hnid in the receiver was uow suiwraaturated 
with Btdphiiric acid diluted witli water, care beinjc; taken to 
obtain a powerfully acid reaction. The peculiar odour which 
the fluid possessed, wa« by this process entirely changed, but 
not destroyed ; und, on distillation, the water which passed 
over, carried with it all the pyrrol contained in the solution, 
while the other bases were retained by the sulphuiic acid. 
Caustic potass was then added to the residue is the retort 
until an alkaline reaction was luanifest, and it was ngaJn 
distilled ; the water nhich passed over caiTied with it the 
oily bases, partly dissolved, partly floating on the sui-faco of 
tlie solution, exactly as in tlie tii-st distUlation. A few sticks 
of fusc<l potass were introduced into the product, aiid the 
whole was left in repose ; as the potass dissolved, tiie «], 
which is entirely insoluble in solutions of the fixed alkaiis^ 
rose to the surface and there collected in the form of u pale 
yellow layer, still containing a considerable quautity of water, 
which n^ay amount to 30 or 40 per cent, of the bulk of the 
oil. The oil was separated from the watery fluid by means 
of a pipette and pieces of fused potass added so long as they 
continued to become moist. The dry oil wits then introduced 
into a retort and distilled. A trauspai'ent und colourless oil 
passed over, wliich was tested at intervals by allowing a drop 
of it to fall into a *jlutioii of cliloride of lime. So soon as 
the reiwtion of aniline made its appearance the receiver was 
changed. The first portion was now picoline in a state ap- 
proaching to purity; that which immediately followed con- 
sisted of a mixture of picolhic and aniline. The lirst portion 
was again digested with fused potass and rectified ; that 
which distilled at 272"" was collected apart, and constituted 
pure picoline. 
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ConaiitHtimi of PicoUne. 

The general analogy in properties which picoline bears to 
aoiliue and Uic otJier oleaginoas bases, permitted the as- 
Bomption that it, like these Bubstjinces, wae free from oxv- 
geii ; I proceeded, therefore, in its auulysjs, upon this hypo- 
tiicsiH, and neglected the detei*inination of the nitrogen. The 
following are the reaults of the analyses : — 



Analysis 



f 5-6; 
UI. j 15 9: 

f 5*3 47 gruiu 
15-100 ... 
3G70 ... 



630 grains of pioolmo gave 
j4: ■.. curljonic acid, 
944 ... water. 

grains of piooline gave 
carbonic acid, 
water. 



Which give the following reanlta per cent. ; — 



Hydrogen 
Nitrogen 



n. 

7M8 
705 

15-sro 



100-00 100-00 

Thflse resulta con-espond closely with the formula C^ H; N ; 
(he calculated result of wliich is — 









Tlietwy , 


Mcnn. 


Ci2 


. 


. 900-0 


77-20 


7717 


Hr 


• 


. 87-5 


7-4a 


7-69 


N 


- 


- 1770 


15-38 


1514 



I 



1164-0 



100-00 



100-00 



This formula is precisely the same aa that of aniline, alonj^ 
with which picoHiie occurs in coal tar. In order to ascertain, 
vhether the atomic weights of the»c guhstancca were also 
identical, I prepared the platinum salt of picoline, and deter- 
mined the amount of platiauui contained in it. The salt was 
obtained by adding bichloride of platinum to a solution of 
picoline in escesft of hydrochloric acid : no immediate preci- 
pitation took place unless the solutions were very concen- 
trated, but in the course of twenty-four hours the salt was 
deposited in ftnc oranges-yellow needles. When dried at 212% 
it gave the foUowmg results ; — 
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. f 9'670 gr&in* of chloride of piooliae and pUtinum gave 
( 3-U7 • pUtinuni = 32-3-t4 per cent. 

*j ( 10*644 graiJU of cbloriilo of platiuuui and picoliae gare 
I 3'fll7 platinum = 32-522 per cent. 

pfrom these analyses arc deduced the fbUoH-iug atomic 
righU:— 

I. U. 

I2U-1 1213-7 

These agree sufficiently well with the theoretical atomic 
weight, which ia 1164*5. They corre8pond also precisely with 
the results of the analysis of the aniline salts. The identity of 
these results is shewn by the following table of the analyses 
by Fritsche, Zinin, and ItoflPman, of aniline from its different 
sources, and of picoline, as well aa of the platinum salts of 
these substances : — ■ 



C =77-73 
H = 7-6t> 
N = 14-98 



77-32 

7-5 u 
14ft4 



100-31 



99-60 



Oyutol. 

7C-C7 

7-72 

l.Vfl2 

100-00 



Pieollne. 

7717 

7-69 

15-14 



Thforjr. 

77-29 

7'43 
15-28 



10000 



100-00 



The following are the results for the platinum salts : — 

BeDiidsm. Kyauiol. PicoUne, Theory, 

itfean pUtinum, per cent. 32-501 32-dti6 32*533 32-94 

Atomic weight . 1210-1 1170-5 1212-4 1164*5 

The results of all these analyses agree perfectly with one 
another ; but the properties possessed by picoline diiFer from 
those of aniline, whiph, whethep obtained from coal-tar, in- 
digo, or nitrobeuzid, presents a perfect identity in its chemi- 
cal characters. 

Prop^rtiei of Pieotine. 

Picoline is a perfectly colourless, transparent, limpid fluid, 
extremely mobile, and destitute of viscidity. It pussesHes a 
powerful, penetrating, and somewhat aromatic smell, which, 
when very dilute, is replaced by a peculiar rancid odour, ad- 

• ITol bftvlng tb« origiual pap«re of Fritsche and Kinin it bud, I axtnet 
Ibeio two nwultM fmiu BeiKelias' Ariberittt«Iae. 1844, p. 454, nhere tb«y ar« esl- 
ralntfid orrording lo 0^75-32, tbe mt u-e with C=7fi, bat the diflWenm i» 
M tm»l\ u not to affect tbft comparison. 



iea 0/ Fi&tJine. 

hering pertinuuiouslj to the Lauds aud cluthes. Its taste is 
acrid and bui'ning when concentrated ; but when ycry dilute, 
as, for instance, when its vapour is sucked into the mouth, it 
is poweifully bitter, as ax*e also the solutions of its salts. It 
is not changed by exposure to a cald of 0\ Picoline is ex- 
tremely volatile, and eva|iorate8 rapidly in the air. It boils 
at the temperature of 272^ and the thermometer remains 
perfectly stationary durinjEt the whole period of the ebullition ; 
it is therefore much more volatile than anUiiie, which, accoi*d- 
mg to HoHiuaD, boiia at '6bT. It may be preserved for a 
long time in a bottle containing only a small quantity of it, 
and which la frequently opened, without becoming manifestly 
coloured ; whereas aniline becomes rapidly brown, and, in- 
deed, cannot easily be obtained colourless, except by distil- 
lation in a current ofhydrogL-n. The specific gi*avity of pico- 
line is less than that of water. I found it to be 0955 at 60", 
while, according to Hoffman, tliat of aniline is 1'020 at 68°. 

Picoline niiiea with water in all proportions, and forms a 
transparent aud colourk-^s solution. It is insoluble, how- 
ever, in solution of potaas, as well as in most alkaline salts, 
the addition of which causes its immediate separation from 
the water. It dissolves also readily in alcohol, ether, py- 
roxylic spirit, aud the fixed and volatile oils. It ia a power- 
fnl alkaline base ; a rod dipped in hydrochlurie acid, and held 
over it, is immediately surrounded by a copious white cloud 
of hydrochlorate of pieuliue. It restores the blue L-olour of 
reddened litmus, but does not affect the colouring matter of 
red cabbage. It docs not coagulate the white of eggs as ani- 
line does. 

The reactions which it pi-oduces with other substances are 
also quite distinct from those presented by aniline. Whea 
brought in contact with the solution of chloride of lime, it 
does not produce, in the least degree, the violet colour which 
is BO characteristic of aniline ; on the contrary, the solution 
remains perfectly colourless, unless, indeed, the picoline has 
not been well separated from pyn-ol ; in which case, a slight, 
brown makes its appearance, but no violet. Picoline 19 also 
incapable of producing the yellow colour in fir wood and the 
piUi of the elder, which is so readily obtained with aniline. 
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When treated with chromic acid, even trhen very concen- 
trated, and aftt-r boiling, no change takea place in the colour 
of the Bulutiou, aud only a small (juautlty of a yellow powder 
is deposited ; while aoiline gives an abundant precipitate, 
which haK, according to the degree of concentration of the 
fluid, a green, blue, or black colour. 

Picoline precipitates from nolutiona of chloride of copper 
a portion of tJie oxide of copper, while the remaider forms % 
pale bine solution, wliich. when evaporated to a small bnlk, 
deports a congeries of prismatic crystals, w bich seem to be a 
double salt. Xo blackening of the solution takes place, as is 
the case with aniline. When an excess of hydrochloric acid is 
present, there is ubtAined, on evaporation, another double sail 
in large er^-stuU, apparently derived from the rhombohedral 
system. Picoline produces also double compounds with tlie 
chlorides of mercury, platinum, gold, tin, and antimony. With 
chloride of gold it gives an exceedingly characteristic com- 
pound, in tlie form of a fine lemon-yellow precipitate, which 
is Bolublc in a considerable (juantlty of boiling water, and is 
deposited, on cooling, in delicate yellow needles. Aniline, 
under similar circnmstancea, gives a reddish-brown precipi- 
tate, i-escmbliiig the ferrocyanide of copper. It gives, with » 
infusion of nut-galls, a copious ciirdy precipitate of a pnle- 
yellow colour, which dissolves in hot water, and is deposited 
again on cooling. It does not precipitate the solutions of 
nitnito of silvGr, cMoridos of barium and strontium, or sul- 
phate of raagne.sia. 

The properties of picoline, as now detailed, are obviously 
different from those of aniline- They recalled, however, 
strongly to my mind tlioBo of a base called Odorin, obtained 
by Unverdorben* from Dippers animal oil. According to this 
chemist, Bippcl's oil. which is obtained by several successive 
distillations of the oleum cornu cervi, is a mixture of four dif- 
ferent bases, to which he gives the names of Odorin, Animin, 
Olanin, and Aminolin. Of these, the two first constitute nine- 
teen twentieths of the whole oil, and the odorin, which resem- 
bles picoline in its solubility in water, is obtained by simply 
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distilling the oil, and collecting; tho proilitct as long as itdis- 
solves. These results, however, have been called in question 
by subsequent observers; Reichenbach, especially, asserts 
tha-t he wa« unable to scpuraie any basic compounds, and con- 
siders the substances obtained by Unverdorben to be mix- 
tures of cmpyreiimatic oil with iininionia. As, however, the 
properties which Unverdorbcn has attributed to odorin, ap- 
proximate in some respects to those of picoline, I thought it 
desirable to ascertain the existence of this subHtance, ajid 
whether or not it is identical with picoliitu. In order io pre- 
pare odorin, 1 rectified tho oleuin cornu cervi, and then dis- 
tilled the product; but on allowing tbe first drops of oil to 
fidl into wat«r, they were not dissolved as Unverdorben has 
asserted, but floated unchanged upon the surface. Finding 
this process unsuccessfid, I a^itat-cd the crude oil with dilate 
salphuric acid ; tho acid fluid immediately acquired a very 
deep re*ldish -brown colour, and wh«n iieparated from the oil, 
and supersaturated with potass, a semisolid viscid moss sepa- 
rated from the fluid. This, when distilled with water, yielded 
& mixture of several oily baaoa, while a dark-coloured resin- 
ons suhstauce, probably Unverdorben's l^'uscin, was left in 
Uie retort. The mixed bases which I thus obtained, formed 
an exceedingly small fraction of the oil employed. Thoy were 
purified by several successive rectifications, and generally in 
t method similar to that employed for picoline, and tJic first 
portions of the product collected apart. It tJien constitated 
a colourless oil, which became brown in the air, dissolved 
readily in water, and presented an odour similar to. though 
not quite the same as, that of picoline. It gave, with chlo- 
ride of gold, a dirty-yellow precipitate, whiuh dissolved in hot 
water, and deposited, on cooling, in the pulvendent form, and 
with bichloride of platinum, a compound in red warHike crys- 
tals. Hy an accident in the laboratory, the small quantity of 
this substance which I had prepared for analysis was de- 
stroyed, so that the evidence of their identity cannot be con- 
sidered as suHicient. Tho characters of odorin, us given by 
Unverdorben, are not perfectly identical, either with those of 
picoline or the base which 1 obtained. Odorin, according to 
Unverdorben, boils at about 212", and its salts are oleaginous 
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compoundn which distil in the form of an oily fluid, whereu 
iliuse of ])iculiiie are mostly crystallizable. I nm at preseni 
engaged with the examination of these substances. 

It is obvious, from the obserTations contained in Hoff- 
man's* paper, that picoUne must have been present alony 
with aniline and chinoUne in the snbstance which he exa- 
mined. He mentions, especially, that bis aniline, as ob- 
tained by distillation only, possessed a peculiar pungent and 
disagreeable odour, which woe got rid of only by several suc- 
cessive crystallizations of its oxalate from alcohol, and that 
the impure auUine has a specific gravity less than that of 
water. lie observes also, that the quautity of the substance 
present must have been excessively minute, as it did not af- 
fect the results of the analysis, a phenomenon, the cause of 
which is sufficiently explained by the identity in constitution 
of tlie two substances. HofTuian did not obtAin picoline in 
tJte separate state, simply because the bases employed by him 
were obtained from tlie leas volatile portions of coal-tar, 
which necessarily contain it only in minute proportion. 

(Tab* coachtdtd in Htxt NuinAtr.) 



Description of a Water-WAeel, mth Vertical Axle, on the plan 
of the Turbine of Faurneyron, erected at Balffonie MiUt, 

Fifeghire. By JosKPii GoicuON Stuabt, Esq., F.R.S.S.A. 
(Commnntcated by the Royal Scottish Society of Arts, t) 

My attention was first directed to the Turbitie water-wheel^ 
by the paper read on the subject before the British Associa- 
tion, at its (.dasgow meeting in 1810, by my frieud Profes- 
sor Gordon. On that occasion the Prafcssor introduced the 
Turbine of Fourneyron (the French patentee) to the notice 
of the Association, as a very important machine for econo- 
mizing water-power, and after some discussion, the Aasocia^ 
tion appointed Mr Smith (then of Deanaton), and Mr Fair- 
bairu of Manchester, along with l^i-ofcssor Gtordon, a Com- 




* liivliigV AnEmlpti, vol, xlvii, 
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toitt^e, for the purpose of mvcBti^ting the comparative merits 
of tlie tiirbine ami other water-wbeeU befoi'e the next meet- 
ing of the Association. 

Here, however, the matter has rested, so far as that Com- 
nuttee is concerned, ever since ; and, with a single excep- 
tion, to be immediately noticed, I am not aware of the subject 
having been again brought before the public of this country. 
The exception refeiTed to is a popular description of the tur- 
bine of Foumeyron, with a very strong recommendation in its 
favour, contained in the interesting volume on the ** Indua- 
tpial Resources of Ireland," published in the year 1844, by 
Dr Kane of Dublin.* 

While the Committee of the British Association did not, 
10 far as I know, follow out in any way the remit made to 
ibem, I felt so much interest on the subject (incited no doubt 
by suffering much annoyance and serious loss from two very 
iaefficient breast'-wheeU at my works here) as to continue, 
witli Professor Gordon, the investigations which lie had al- 
ready entered upon, until we became convinced that the tur- 
bine was indeed a materijil imprGvemont upon any other 
known mode of using water-power. 

Circumstances prevented us, however, from giving practi- 
cal expression to our convictions, until my breast-wheels be- 
came so worn out as to threaten complete breakdown ; and 
then, in the early part of last year, 1 seriously set about the 
task of erecting one. I may here mention that, at this time, 
I b^it^ted between the turbine and Whitelaw and Stirrat's 
patent water-mil! ; but, after considerataon of their published 
statement, and a personal inspection of several of their mills 
erected on a large scale, I saw sufficient cause to confirm my 
impression in favour of the Turbine of Fourneyron, as the 
more perfect machine. 1 then put myself in communicatioa 
with the French patentee^ and offered to allow him to erect, 
or superintend the erection of a wheel for me, so as bis In- 
rention might be introduced into this country, under the 
moat favourable drcumstances. «Fourneyron, however, de- 
dined to enter into the an*angement unless be was to be per- 

• Hrncv this p«per wm reml, Fnifvasar Kitiie fans published a tmnslution uf 
RtihlaiRn'B Bsa«jr on tha Otmatraction of Turbinw. 
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raittod to nuiJie the wheel in Francp-r to brinj; it here, and to 
fit it np at my works, all at my sole expense ; and oh thlcL, 1 
calculated, would cost me nearly double of what it could be 
done far on the s{)oi. I wait under the necessity of breaking 
off the- iiefi^tiatioo. 1 thou resolved to execute the whole 
myself, availing' myself of the valuable assifttancc of Profes- 
aor Gordon, and bis partner Mr Hill, so far as the calcul.v 
tionB of Btzc, speed, kc, wore involved. | 

The fundjimental principle upon which the construction of 
the turbine ia bused, is tluit by which the maximum of useful 
effect in obtained from a Gfiven fall of water, depending upon 
the relative velocity of the water and its recipient, which 
ought to be such that the water enters the wheel without J 
ffbock, and quits it again witliout velocity. A notion of its ■ 
construction may readily be formed, by supposing an ordi- 
nary water-wheel laid on its Hide, wrou^it at the bottom of 
the fall, and the water being made to enter from the interior 
of the wheel by the inner circumference of the crown, flowing 
along tite buckets, and escaping at the outer circumference. 
The turbine cousibtta essentially of, 1, a rtservoir, the bottom 
of which is divided into radial compartments, by covered 
plates, sei-ving to guide the water to take a particular direc- 
tion of etHux ; 2, a ct/Undrieat siuice, capable of nicety of ad- 
justment ; 3^ the rv/i^el itself, a disc with covered buckets, in- 
to which, when the sluice is raised, the water enters at every 
point of the inner circumference, and escapes at every point 
of the outer circumference. 

It will be readily seen, that the effective power of the 
wheel must depend gi-eutly upon the cxirvnture of the fixed 
partitions and buckets being t^uch na to realize the philoBO- 
phif^al principle of its construction, vijs., that the water enters 
it without shock, and quits it again without velocity. This 
is, no doubt, a delicate problem, but practically, it has been 
completely solved. ■ 

My works nt Balgonie are situate on the river Leven, and 
have right to the ust? of the whole water contained in it. The _ 
river issues from Lochleven; the discharge is there regu- I 
lated by sluices, so as to afford, as nearly as possible, during 
the whole year, a regular flaw of about COOO cubic feet per 
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ininnt«. The fall at uiy works, as measureil for a turbine- 
wbeel« that is, from tlie surface of the water Id the front lead 
to the surface of the water in the tail-i-ace, is 11 ft. 8 J in. I 
have erected the turbine su as to take the full advantage uf 
this fall, and calculated it for venting tlii.t COOO feet of water 
per minute. 

The turbine consists of six principal parts, vix., 

1 and 2, The wheel and shaft, 

3 and 4, The sluice- cylinder and sluice, 

5 and G, The centre disc and pipe. 

These are all made of cast-u-on, and the united weight la up- 
wiurds of 7 tous. Besides these, there is the reservoir, or 
wheel-house, as wo may term it, which comes in pltu:e of the 
ai-c of the ordinary water-wheeL 

I shall shortly dencribe each of these parts, and the de- 
scription will be mnAe more intelligible, as well as more in- 
teresting, by reference to the drawing of a vertical stictioii, 
on the scale of one inch to a foot; the drawing of a quadrant 
of a horizontal section, full size, and the model of the whole 
erection, on the scale of 3th inch to a fuot, — all which 1 now 
exhibit. 

ITie reservoir ia conrttj*ucted of stone, solid ashlar, hewn 
and jointed. It in eleven feet square within walls, and the 
vails all round arc two feet tbick, the stones being alter- 
itataly headers and runners. At the depth of 11 ft 83 in., and 
the supposed depth of tsiil-water from the Iront surface, two 
beams of wood 12 in. squaa-e, crossing each other in the centre 
of the square, are bedded in the causeway of the bottom, and 
built into tlie »idc-walls, so as to afl'urd a solid foundation 
for the step, in which stands the upright shaft of the wheel. 
4 ft. 6 in. above tliese beams, four beams 18 x 20 in. square, 
croAS the reservoix*, placed so as to leave a square opening in 
their centre G ft. 9 in. within ; and a flooring of 3 in. plank, caulk- 
ed as a ship's deck, makes this opening (which it reduces to a 
circular form) the only communication between the upper and 
under parts of the peservoip. 2 ft. Gin. from the surface of the 
water in front, the one side of the reservoir stops, bo as to allow 
the in^efts of the water, and the opposite side has an open 
arch below the floor-beams, to pei*mit the egress of the water. 
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The walltj are O-arrieil up two feet above the highest water- 
point; and there, four beams agaiu crusa, leaving an opening 
of about 2 feet square in tlie centre, in which is fixed the 8U8- 
pending'-ptpe and ncek-collar of the uprig-ht shaft. I ■will only 
further remark, regarding tins reservoir, that if I were erect- 
ing a turbine on a high fall, with a small snpply of water, I 
should probably construct thiti of plates of cast or malleable 
iron. 

Tlie step is of cast-iron, about 8 c\v\-, and contains the 
brass for the bottom of the upright shaft working in. It ts 
firmly bolted to the lower beams by strong bolts in the four 
paws of it. 

The shaft is of cast-iron (cast on its end), about 16 feet 
long, fl in. diameter at the smallest part, and swelled a little 
towai'dn the centre. It is at#eled at the lower end, where it 
works in the brass of the steps, and has a gudgeon of 8} in. 
diameter, working 18 in. from the top. Above this journal ■ 
is hung the spur-wheel, front which motion ia taken off by , 
pinion in the usual way. 

The wheel is a saucer-shaped disc of cast-iron, keyed on 
the shaft below the flooring of the wheelhouse. The saucer- 
ahaped part iii C ft. 8 iii. Jianieter, and then there is a flat cir- 
cumference of 1 ft. 2 in., making the whole diameter 9 feet. 
Upon this flat circumference are erected the curves or buckets 
of the wheel. They are made of the best boiler-plate, and 
arc 9 in. high. On the top of them is fitted another circum- 
ference of cast-iron, 1 ft. 2 in. across. These circumferences 
are thus fast^^ncd together by means of the curves which are 
bolted into each, and a compact wheel thus formed, weighing 
in all about 45 cvvt., and having 32 curved openings for vent- 
ing the water through. 

The pipe serves the double purpose of keeping the shaft 
from the water, and of suatuinmg in its place the centre disc. 
It is furnished w:th a square collar, with four paws, by which 
:t :s suspended troui the four top-beams. It is also stayed 
and kept in its place by four i-ods from the four sides of the 
wheelhouse to a flange cast on it, rather more than half way 

doWTJ. 

The centre disc is shaped so as to lie above the saucer- 
fihaped interior of the wheel, and is about \ of an inch less 
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diameter than that part. It is keyed on the bottom of the 
pipe just below the circular opening in the floor, and au low 
that ita upper surface '\% level with the flat circumference of 
Uie wheel, and kept in it-s place by the stay-rodH of the pipe, 
m as to he about \ of an inch clear of that circumference all 
round. On this disc are erected the guide-curves, equal in 
Dumber to the curves of the wheel, and in such a shape as to 
throw the water at the pi-^per anjEjle on them as it flows out. 

The sluice-cylinder is bolted to the lour large beams of the 
floor, and is of Buch depth that its lower end comes down to 
within a few inehes of the top of the upper circnmference of 
the wheel. It is bored through, aa that the sluice may fit 
well, and be readily moved up and down in it. 

The sluice itself is another caat-iron cylinder, fitted to the 
inside of the last mentioned one, going down as low as to 
rest on the outer eircnraference of the centi*e diw, and rising 
so high as, when fully up, to leave 9 in. of opening between 
that disc and it. This sluice is wrought by three rods work- 
ing in HcrewB, communicating with a triangle at the top by 
means of studs and levers from ca''h rod. The triangle is 
nrought by bevel wheels and shaft from the outside of the 
wheel house. 

The mode of working the wheel is thus : — 

The water coming into the wheelhnuse or reservoir from 
the front lead, fills it up, standing on the ceittre disc and 
flooring, to the height of the top of the water in the front 
lead. The sluice is then raised, when the water flows out 
under it, off from the curves of the centre disc, which thua 
remains fixed and stationary, nri Ut the eurvus of the wheel, 
which, yielding to the pressure so exercised upon its curvcB, 
moves round in the direction of the <^flHux of the water from 
the centre disc ; the sliiic*' is raised until the necessary speed 
is attained, or until the water is vented by the wheel as fast 
as it is supplied to the reservoir from the front lead, care 
being taken that it is not allowed to go faster away, — ^that is, 
that the head of tht water in the reservoir is always main* 
tained at its full height, — the level of the firont lead. 

1 ha>vc thus minutely described each part of the wheel, 
and, I trust, made the description intelligible by reference to 
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the model and dramngs, n» anch appears to me tli« best way] 
of briuping thin verj- import*Tit, »nd, in this coiinh^, dotcI, 
mode of using water-power onder the notice of this Society. 

As soon Ew the Torbiiw wm ready, 1 threw out one of mj 
4»ld brcnst-wheelB, and attached to it the part of my works 
driven thereby. The saccess was so enconra^ng', that, in 
January, 1 threw out the other bi-east- wheel, and the Turbine 
has since been driving my whole works. 

My works contain 

1000 spindles, dry flax spinning. 



796 

160 
and 1156 

3112 



dry tow spinning, 
heavy jnte spinning. 
wet spinning. 



With the necesHary preparing machinery, — ^machinery rurIi 
aS) I believe, would be put upon tt sixty horse-puwer steatu- 
engine, — I could not get water enough to drive them with 
my two breast-wheels ;— in fact, 500 Bpindles were stand- 
ing altogether for two years. The turbine is driving them 
about 10 per cent, faster than they were before, aud it is not 
using all the water. From the experiments I have as yet 
beon able to make, I do not think that it is using above 5000 
cubic feet per minute ; and from a defect in the construction 
of the int-ake-lead, the turbine has not the fiill advantage of 
that water. The lead is too narrow, and turns an awkward 
comer, so that the water in the wheclhouse will not stand up 
to the full head, and can hardly be called above 10 ft. 3 in., in- ■ 
stead of 11 ft. 8J in. When I have remedied this defect, and 
so been enabled to give the wheel the whole water, and also 
maintain a steady head of 11 ft. 8^ in. in the wlieelhonse, I 
have a very confident expectation that the wheel will pi^v» 
capable of working up to 85 or 90 horses' power.* 

The whole subject of water wheels is a very interesting 
and important one; and I do not think that it has yet re- 
ceived, in this country, the attention which it merite. The 
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** A model of Mr 3tdart'» Turbine ii dwpmited in \Mn MuMum of the ttdjwl 
Bontinh 8ooi«ty of Ari». — £p. 
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fVench have, both theoretically and practically, arrived at 
much greater perfection than we have in ecnnomising water- 
power, and a great variety of very beantlftil wheels havf been 
iotn>diicc<1 in that country. " Coals being ahimflant," Dr 
Kane well remarlcH, " the steam-ensine in invent**! in Eng- 
la^id ; coals being scarce, Uie water-preB8ure engine and the 
turbine are invented in France. It in thus the physical con- 
dition of each country directs it« mechanical genins." Such 
suggestions may explain the greater practical interest taken 
in the subject in France, bnt cn.n hardly excuse the want of 
tlieoretical inquiry which we have tn coinjvlain of in thia 
country. My complaint is surely not without reason, wheu 
I meotion the fiict, that no hint of any water-wheel, beyond 
the common old-fatthioned overshot. brBa»t. or undershot 
wheels, is to be found in any one of the otherwine eUihor&to 
articles on water-worfta, hydrodynamics, A'c., in the seventh 
edition of tJie Encycloptedla Britiinnica, nltbuugli. in the pe- 
riod embraced by its publication, frtmi 1830 to 1843, many 
IreatiHeH by Poucelet, Morin, De Pruny, and other eminent 
members of the Academy of Sciences, appeared in France, in 
which the merits of the Poncelet and the Turbine wheels are 
■et forth. I beg iu lay one of tht^se t<rE>ati:«es on the table, 
along with this paper, for the use of the Committee, to whom 
I hope the Society wfiU remit the matter; and nnly regret 
that, aa I hnve been unable to procure another copy of it for 
aiding me in my future experiuients. I cannot present it to 
tJic Society. It is the result of e.\perinients on the Turbine 
wheel) by Monsieur Morin, made under appointment of the 
Academy, and at the er^ienue of the French Government, and 
it bringa nut thette very interesting results : — 

1. That the Turbine wheel is equally suitable to every 
height of fall, from the greatest to the smallest. In illus- 
tration of this, I may mention, that at St Blasien, there is 
one erected, by which is driven the whole machinery in a 
cotton-mill of 8000 spindles, with caniiug engines, ami all 
neceaaary preparation. The available fall is 332 feet; the 
quantity of water 60 feet per minute? ; while on the Seine, in 
France^ there is one erected with a fall of ouly 13 inches, and 
whiob, even in such nnfavaurftble circumstances, eeonomiaes 
&5 per cent of the theoretical power of the water. 
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2. That in all ordinary circumstances, the Turbiuc will 
make av^lable — transnut a net useful eflfect, to use Morin's 
wunlB — from 70 to 78 per cent, of the theoreiieal power. 

3. That Turbines can be dri?en at speeds varying oonsider- 
ably from that which tlit'oretically is their best speed, with- 
out seriuusly deteriorating from their practical efficiency. 
One great practical excellence of the turbine is the high speed 
at wbicli it revolveii. In the ordinary wheels, e»])ecially the 
oversliutf which is the best of them, we cannot have great 
economy of power, without a very «low motion, and iiencc 
much intermediate mechanism is necessary to bring the 
motion up to the speed required for general use : but in the 
turbine, the greatest economy is accompanied by a rapid mo- 
tion, and htnpe the connected machinery may be rendered 
much less complex. The one which 1 have erected develops 
its power best when at the speed of 48 turns per minute ; but 

in consequence of the defect mentioned in the intake of the ■ 
water, I have not regularly wrought it above 42 turns. Still, ■ 
even at this speedy it is five times faster than my former 
breast-wheels; and, att my main shafting is about 200, much 
intermediate raising of the motion is avoided. Turbines have 
the farther advantagu that the speed may be varied, as suit- 
able, without materially affecting the economy of power. 

4. That they may be wrou;;lit under Water, that is, in back- 
water, without materially uHecting their useful effect. This 
is found to he experimentally true, and may, indeed, appear 
from the consideration that the power is in the difference be- 
tween the front and back culumns of water, and that it is 
comparatively immaterial whether the dischai'ge into that 
back column be on the surface or at the bottom. In erect- 
ing a turbine, then, the wheel ought to be placed so a» to be 
rather under the b;Kk-water when full going; and thus tho 
greatest possible fall is secured. 

5. That they luii receive very variable qnantitfts of waierT 
without the per-centage of useful effect beiug materially al- 
tered. If a turbine be working with a force of ID-horse 
power, and its supply of water be suddenly doubled, it be- 
comes of 20-borse power. If the supply be reduced to one- 
half, it still works to j-horse power; while such sudden and 
extensive changes would altogether disairange water-wheela 
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of the commgn construction, which can only be calculated for 
the tninimam, and allow the overplus Xa go to waste. 

Such are the general reaults borne out by Morin's experi- 
ment-s in this treatise. Kuhlman has also published a very 
fiill report on the theory and practical worldng of the Turbine. 
1 liave not seen it, but only extracts from it. From these 1 
find hini stating, as the general result, that 70 per cent, of 
the theoretical power may be depended upon in all casen. As 
\o the choice between turbines and horizontal axle wheels, he 
says, tbat where there is a fall of a certain heiplit which may 
l>e economized by ineans of an overshot-wheel, such is tt) be 
prefeiTcd to the turbine : tor, when carcfidly arranged, the 
overshot-wheel econnniizes mare than 70 per cent, of the 
theoretical power ; but in all cases of high or very low falls, 
the turbine is to be ])referred tu all other wheels. He far- 
ther states, that their universal application, in ^Hch circum- 
stances, can only he retarded by want of foresight or know- 
ledge of their actual peirfurmanee. 

In regard to thij* statement I would fully coincide with it, 
, reHtrictirig tlic prei'erenee for the overshot, to falls from 20 to 
30 feet, in which there is no fear of back-water, and from 
which a quiclilv brought-up motion is not required. Below 
2U feet, the overshot is not ecotwmicaf, and above 30 feet it 
becomes a very expefisive wheel in erection. The overshot- 
wheel is certainly that, of all the engines hitherto in use, 
which most effectually economizes water-power; but the tur- 
bine has two great mlvantages over it, in being adapted Iq 
an^ /ally wheOier high or low, and in permiifinff the water to 
be applied at the game instant to evert/ point of the circumfe- 
rence. Farther, the turbine will, in general, be less expen- 
sive in the erection tlian any other wheel. It is simple in it« 
construcrtion, and little liable to break or go out of order; aud, 
conseipiently, it will suffer less than any other wheel from 
ordinary tear and wear. 

I venture to indulge the hope that the Society will accord 
tne some credit for having risked the experiment of intro- 
ducing this wheel on a large scale ; and I will only add, that 
if they shall think the matter worthy of being remitted {*y a 
Cummittee, I shall be ready to afford the gentlemen appoint- 
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ed oil UiQ infuruiAtion 1 am |>oa8088ed of, as to tbo theory and 
pra^'tical workinf^ of the wheel, and ftlso to exhibit the work- 
iOf( wheel \o them, if they can si>are a dav for Uio purpose, 
and furm a deputalion to Balgouic. 



Report of ComnutUe, 

Tbc <'oniniltV*«' rtnliracMl iht! obliging invltiitioii vf Mr 8luitrt, to rU>il. B*)- 
gOoU Mill*, th»t they might we thu turbinp at work, nml prw^edoO (wcordioglv. 
when they )»d ftill app'trtunity of nxitmitiing the conMnirtinn luid the worfctng 
of th* TiMchln^, with orory part uf which t}\ry irnrr mnrli ^rKt)6ei). Pron t^ 
ciramiKtwic* tif ibu riv«T beiufj; iti a sutr nf flood at the time nf th» viiit, tho 
rommiltee regret tbftt they wervi unshlo to iiutttdM Mtoe int«t>dcd expcnntentB, 
with >i TJftw to d«t«rinlii«i tha quKQtUy o( wmtftr d*llv*rMl upon Om turliltie in 
iM oviilnkrjr working iut«. But, taking the known data thitt pruvatls nrer ih« 
LevvD, fur the gu«r»Dl«*d <l*li**ry of 6000 cubic fenl ])«r miiiut« us a irw 
BlAiKlard, and with tlie /all at lkl};onia Milltt 11 fe*t 8^ Incihfi, lh« power 
gtrrn out by uich wnti^r-whepls ma appear bi hare been eniployad. yield*, by 
cel'-uletlon. alKMtl 67 borsee' power. The received data on which thia celculatJoa 
if fiiunded, baa been (^Drnibm-Kted hy answers ohiigiiigly nimniunicated to cer- 
tain queries propoundLd ta Me Stnart by tlie Committee. 

For the developauent of thitt [tuwer, Mr Btuart etnployed fVirmerly two Hraett' 
wkeele with open Hont boai-de running in oloee area ; the una was 10 feet wide, 
tht' other 7 feet, anil perh nf them Id feet S^ iiichee; diameter. With UiMA' 
wheels, according to Mr t^tunrt'* uwn »iat«>nient, hie mill produced a certain 
f|tittntliy of yarn uf certain (pialities per day; but eince the application of the 
larblou to perforut the whole wo«k, the produou of the tntll have beea in* 
rraaeed by 10 to 12 per cent. 

The old water-wheeln having been denuiUtilieil, tbi; roiiimitMe ran only judge 
of their efficiency (in relation to the water antl |he fall), by cnnijtariDg with the 
aioount of work performed : and this, it appears. Ii&d Iteen about 45 apindlea per 
borne power with M their preparing macbiiicry. n cJu^ thai approeche* the 
average calciilntlon. 

With the mppU™tion of the Turbine, there bun bewi no Inoreavc to the nnni- 
b«r of *pindlc)t In the mill, but their velocity has been Increeaed to the extenlof 
the ioercaee of production ; and thl* it the only Jir^el proof of the vuporiarity of 
the Tnrblne. as yet ntiainabie in this country. 

From H I'At^fiil examination uf the Htrnt-ture of this nja'-hine, the Committea 
feel satisfipd th^it it efTordi all the condition* of great durnbility, and what u ef 
even gredwr importance, no [leculinr liability td derangement from either in- 
ternal or external cnusaH: fVum ilio Inllvr. liLdct.-<l. It it pre-eminently free. 

In nbaencti of the mo«nB and th(t time r>i<quiailc to make any satisfaclor)' ex- 
perltncnta on the actual power of the machine, the Comiaictee cso oiily re|)eal 
the ax|>«rl6iice of Mr Htuort btm^elf, " that it gives out 10 or IS per cenL hmv* 
ttfuacful effect, than tho uld wh^eln,'* the fall and the deliver}' of water b«in( 
the saiitc. This result, making allowanire {or dufeeta in the o]d wheel*, Menis 1« 
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' vttv tttinrui^U>rilv witli thai Ktntctiu-ntK i>r tUr iliflTtrrent t'untittPtitnJ writon 

kv Wp hacdUd th« rubJMt »xpcriincnUlIy ; tvnd, rriuonitiR from a xnirM 

Mrpm^nt i>f experitDRntU rtwnlbi, Kb* OmnniiltiP* arp mddiliotml ^routidK far 

plidAg oonflilniieo. in thuK vliOciakuU, »* wbU u in that at Mr Hluart Tha 

frtrmtt hn-ft alluded to, rest on tbe circuuiBUncm attending ihe arriuiftcmciit 

of ftininon bui-hel tuid braast-wbeelH. In all such caaw, water acts b; \u i^nvity 

tW; h«nc« suE-h wbeol£ are nsitaliy refllricted to vnlocltlm of A to 8 fMst pu 

*^c"Dil, nnd bance also, tbo water must have Kquircd i correvpondisg vala<:]ty 

Ullirp it enters tl>e wh^el. ThU preparatory itep takes from thtj hti'jKt of the 

I qnsntlty viirviti}{ Oxini oif to fH<o feet : at the bottom uf the fall, alio, ther« 

rlDMeonaequitnt ujion the preventEon of back-water, atimuntinff at leul t» 

htJrt4ie dajitlioT the ahroudlo];, or fro<ti BtoDlnchtA, tuakliiff* total rednclloa 

nf TiU of tzma 2 to •Z\ feet. 

M'llh tlie Tui-iine, the crglncMir gets fre« of tbia Ioh of fall, becaiue the raai- 
chiaetakvx up, if wdl con«truiru-it. every inch of the height; or, according to Uie 
Hews of the ('oiitincntal writers, it m3.y even yitld elFeeu htyimd ihu natur*] 
fail, by w(irhi»[j; Ibi; turbine uiidnr the surfare af the tall-water. Cpon thia 
last jKHtit-, the t:uitiTniU<^e have Hiimr niisgivinifB: hut from the groimdn ahove 
ttaied, that of nuidiiriiig ■•VL-ry iurb nf thi- fnll iivnilnliti, thejr ee'* good rcaWMl 
loexjwee uniformly faTourablc result* IVon Turbine* jjroperly constrxicted ftod 
regulated. 

It will readily appear, that the advartafto, her* dwelt iip4tii,he&r* witli j^rMtAit 
effect upon l</ti> f&lhi ; and Flnce the reduction of the full (for common whMl«) 
wlU be nearly the same for all heighia, it follows, that tba loii bears a much 
iurger proportion to the entire hd^ht In lou , that) in h!f(h falli*. Thiw, in a fall 
«f € feet, one-third tuay In* conpidun-d an lut^t ; but In pnc of 30 fciit the lou 
would be only ,V *>r ^,. It fullowi, from thuee ob«ervatioiu>. titnt thu Turbiua 
will be most economical. In respect to power, tn falls of fsom 1 foot up to 10 or 
li! fcMjt. As the foil becomes higher, the udvEuitagei diminish, and it Is more 
than probable, thatj from 1^0 to 30 feet, a buck«t-wh«el Id to be preferred. Up* 
wwds of 80 feet, and especially for great height*, the Turbine again baroniH 
«een«raical, but on otlier gfroundo ; h«r« the advanGkges will lie in the eoMftara- 
lnMfyMMa/i«M<c/nv<:lMii,cotn|)areil with the power attainable frarn great h eights- 
These consideratioB^, iiulepcndeatly of nny advantage oriBing t^-ani tlie intor- 
aal tnecbauiBin of the Turbine, i&era to afford etUl surer grounds of <:anfideDCe 
ia litis machine, under the limits here specltied. 

la eoaduslon, the Coramittee have great pleasure In expressing tbeir appn>- 
^tHion of tbosi uierllODt of Mr Stuart, which place hloi ns tbe lirnt tn this eouii try, 
tij bane adopted " Pourttiyron's " beautiful invention : and, from l>i« fortitude 
and pemcvering ttdll eichibiled In the ptiriuU of his objnctj crownetl as it Is with 
a lacrcMful accomplithment, Mr Stuart ii, Ld the opinion of the Comtnitteo, dij> 
SCTvlag of the beet coudderation of the Society. 

JAHCS SUOBV, CtHHMfMri. 

John AnucBsow. 
EDINBtTBtlll, Jvtit 9. 1846. 
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On the fndum Tribet inhafniin^ the North' W^est VoaM <^ 
mimerica. By JoHS ScoiLKii, M.D., F.L.S. Communi- 
crvtod by the Kthuological Society.* 

The othuography of tlic tribes iiihabitiug the uurlh-west 
oo&st of America, altliough far fi*on) being bo well known M 
that of the Indian races to the east of the Rocky MounUins, 
haa of late maJe considerable progreSH. In addition to the 
materials scattered Lhi-ougli the works oi tiie older voyagem, 
much raluable matter is to be found in Baer's recent work 
on the Russian Settlements on tlie north-west coast : and. 
in the Proceedings of the Geographical S(>ciety, I have puln 
liBhcd a very extensive series of Vocabularies of Indijui Lan- 
guages, collected by Dr Tolmie, which have been illustrated, 
and made the subject of comment by Br Latham, in two com- 
munications, read before the Ethnological Society. In the 
following observations it is my intention to attempt a classid- 
catjon of the various tribes found between Behriiig's Straits 
and the Colutnl)ia River, and included between the Rocky 
Mountains and the Faciiic Ocean. As all our more autJiea- 
tjc information respecting the more northern tribes of Esqui- 
maux and Kolurichians, Imve been derivcil from Wrangel's 
comnmnications to Bacr's work, it will not be necessary to 
enter minutely on that jiart of the subject. In attempting 
this synopsis of the Indian tribes of the north-westward, we 
have to premise that it is merely an attempt^ and one which 
will necessarily be subject to much correction. The number 
and names of the tribes is very imperfectly known ; and, in 
many cases, wc have no specimens of their language to en- 
able us to Hx their place, and often the iudicatiuns of travel- 
lers are so vague, and even contradictory, that their state- 
ments only produce perplexity. The following is, therefore, 
to be considered rather as an exhibition of what is known on 
the subject, than as a complete monoirraph. The distinetion, 
however, between facts and probable inferences has been 
carefully observed. 

With respect to the tribes inhabiting the Russian territory, 
it may be i-emarked, that we find there thi*ee very distinct 
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ffuniliea of the human race brouglit iatu intimate relation* 
ahip. aud each rutainiuj; its own peculiarities- Wc find the 
Esquimaux to the north aud west, the KoIiifichiaiiH, on the sea- 
coast, to the Houth, uud, in the interior, the Carriers and 
other tribes of the Atliabasean family, extending ea^jtward 
toward Hudson 'u Bay, and spreading southward alon^ the 
western side of the Rocky Mountains to the hewl-waters of 
Frazer's River. Notwithstanflinj'' the contiguity of these 
three families or groups, and that they have interehan^d se- 
veral words of their respective vocabularies, the distinction 
tween them in language, manners, and modes of living-, is 
^■ary apparent, so that there is. in general, little difficulty in 
HHbertaining to which of the three families a tribe l>elonu:s. 
H ThuB the Esquimaux of Greenland aud Kodiac, although 
' thousands of miles apart, have more dialectic affinities tluin 
the Kodiacs have with their neighbours, the Keuai or Kolus- 
chians. There is nothing more reniarkiible than the perti- 
nacity with which even small tribes of Indians adhere to 
their language, retaining it, as Mr (tallatin observes, to the 
last moment of their existence. The difference of customs. 
k u, for example, between a tishing and a hunting tribe, also 
tends to prevent intercourse, and thus keep languages i^ia- 
tinct. Mr Dunn informs us, when speaking of the tribes 
utmited around Puget's Sound, that " the coast tribes and 
those of the plains observe a marked aversion to mutual in- 
corporation, aud confine themselves to distinct localities; the 
plain tribes not approaching the Sound, and the tribes bor- 
dering on the Sound not extending their roamings into the 
plains." In the same manner, the Athabascan and Esquimaux 
races, in the northern regions, carry on a perpetual warfare. 
We also find, among the Indian races to the east of the Rocky 
Mountains, that amalgamations of dialects rarely, if ever, 
take place ; their organization into tribes, and the necessity 
of preserving the full extent of their hunting-ground causes 
repulsion, not union, and is favourable to perpetual iiostilities. 
It will be seen, in the course of this paper, that a different 
social condition has tended to obscure the marks of dialectic 
ilistiiictions in certain tribes. 

1. E»qttitimux. — ^The ethnography of this race is now well 
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knuwQ. und requires do Ulusitration here. Extending; from 
Greenland to Alia»k&, they Apeak everywhere the same Inn- 
giuig«, with dialectic variations. They inhabit tjie most north- 
erly parts of the new world, and even part of the icy couU 
of the old. The Esquimaux trihes, inhabiting the north-west 
angle of AmericA, appear to have been tlio most numerous 
partioa of the race, iu proportion to the extent of country 
which ihey occupy* and, at the same time, the most aociat 
and civilized. This may be accounted for by the milder cli- 
mate of this region, by far the most temperate of any occu- 
pied by the Kt*(|uimatuc, from itH numerous islandH, inlets, and 
peninsulas, which multiply, in a comparatively sniuU space, 
an extensive line of sea-coast Adapted to Oieir nioile of life. 
The Esquimaux of this region display much industry and in- 
genuity, and carry on an extensive intercouitie among thera- 
aelves as well as with the KoluHchians, and even with the in- 
liabitanta of the Asiatic coast. In this part of America the 
Esquimaux are divideil into numerous small communities, 
whose names and places of residence ure to be found in Baer's 
work, where much intormation may be obtained respecting 
tiiem. 

2. ^thabtuscaHi — This family of Indians is not numerous 
in proportion to the extent of country which it occupieSj but 
is interesting from its poiiition amidst so many distinct fami- 
lies, and occupying very nearly the whole breadth of the 
American continent. The Athabascans are everywhere se- 
parated from the sea-coast by the Esquimaux ; and towards 
the Mississippi River they become conterminous with the 
Algonquin race. To the west of the Rocky Monntaiua, the 
Athabascans, under the names of Tacullies or Carriers, oc- 
cupy the country Lulled New Caledonia ; but have nowhere 
reached tho sea-coast, from which they are cut off by Uie Es- 
quimaux, KoluHcbians, and other tribes. The Atbabasoaa 
tribes are septirated from the Ichtbyophagous tribes of tho 
coRBt by repugnance arising from difference of mode of life, 
or by natural barriers. To tho north, the Atbaboiicans inha- 
bit the head waters of the streams which flow into the Paci- 
fic, and thus come into hostile contact with the Ksquimaux. 
Eortbor south, they ore cut ott' from the Kolusuhiau and other 
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sn tribes by the range of mountains w)iii:h riuiH |>aralle1 to 
tbe coast, and from which they extend eastward to tbe Rocky 
Mountains. It would appear, that, to the north and west, 
ike Tacullica or AthabuHcans rarely approach within 100 
miles of the coast. Tribes of the Athabascan family occupy 
tic country about tlie sources of tiie Salmon Uiver, Frazer's 
Rirer, and the northern tributaries of tbe Columbia. The 
Nagailerif or Chin Indians, who speak the same language as 
the Tacullies, and are consequently Athabatican, come in 
ccffitact with the Bellichoula on Salmon River, and witli tlie 
Atuas or Noosdalums on Frazer's River. In tbe interior, 
they descend as far as Flat Bow Lake, whei*e their neigh- 
bours are the Kootanie and Fliitheads. 

An inspection of the vocabularies of the !angnap;eB Rpoken 
on the north-west coast, will aiil us in defining the limits of 
the Athabascan family. If wc examine the languages spoken 
from Observatory Inlet to the Columbia, we Hnd they possess 
very few Athabascan words, the inouittain barrier having ob- 
structed the intercourse between the fish-eaters of the coast 
Mid tbe Athabascans of the interior. On the other hand, on 
the nortb and south, where no huuIi tlttfined banner Heparates 
the different races, we find in the vocabularies evidence of a 
more frequent intercourse. In the dialects of the northern 
Mid continental KulnschianH, we lind a good number of 
Athabascan worda ; iind the Kenai may probably be consi- 
dered as rather Athabascan thau Koluschian. In like man- 
ner, we find Athabascan words in the Kleketat and Shahap- 
tan, as triben speaking these languages form the aoutliem 
frontier of the Athabascan race. 

3. The Kotusckiang. — -The narrow portion of sea coast ex- 
tending from Mount St Elias to the Columbia River is re- 
markable from being inhabited by Indians whose manners, 
physical features, and even intellectual and moitil characters, 
differ considerably from those of the other Indians, whether 
»f North or South America. The northernmost of these fami- 
lies may be called tbe Koluschian., and consist of many small 
tribes, of which we have attempted to give a tolerably com- 
pleta enumeration. 
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1. Ugalemi. A small tribe>(]tvelling in wint«rto the east 
of tilt; Islanil uf Koiliac, and during Hummer at the 
mouth of the Copper River. 

2- Attia. Living on the River Atna; distinct from tiie 
Atoa of M'Kenxic. 

3. Galzatii, op Koltechani. Living to the north and ea«t 

of the Atna River. 

4. Kinai. Inhabiting the vicinity uf Cook's Inlet. 

5. Inchu(ukhlaUe9. Inhabiting the vicinity of the River 

Chuliluit. 
C. Inkalitfu. Inhabiting the vicinity of the Rivers Kwich- 
pack and Kuskuwim. 

7. Sitkann. Inhabiting King George tlio Thii-d's Arthi* 

pclago. 

8. CfieelkatUs. lububillcig Lyun'ii Canal, and neighbour- 

hood. 

9. Tako. Inhabiting Puint Satiabury aiid Snettirihani. 

10. Stikine. Inhabiting IVincc Frederick's Sound and Sli- 

kine River. 

11. Tunghaase. Inhabiting the ialand of Revilla Gigedo. 

The territory occupied by the Koluacbian family may be 
defined aa inchidtng the islands and the shores of the main- 
land, from Cook"'8 Inlet to the Stikine River. In the north- 
ern part of the Koluschiaii territ-ory, the limits become unde- 
fined, from the intenniMurc of tribes of different languages 
in the Bame country. Thus we find an Rnqtiimaux tribe, the 
TBchugassi, inhabiting the peninsula between Cook's Inlet 
and Prince William's Sound. The Inchiilulikaitea and Inka- 
litcH, altLuugh Koluschians, live still farther north. amidHt 
tribes of Esquimaux. Another cause of perplexity is, that 
in the six tribes first named in the tatile, we find in their vo- 
cabularies BO many Aibubascan words as to indicate an inti- 
mate intercourse with the Carriers. In the Kinai vocabu- 
lary, for example, the number of Athabascan words is so 
great, as to render it probable that they belong rather to that 
family of Indians than to the Koluschians, and that, to use 
a geological expression, they Ibrm an outlying portion of 
llie Carriers. The more Boulhern tribes, Nos. 7, 11, are un- 
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questionably Kolusohian, speaking dialects of the same lan- 
guage, wbiL'h is much freer from all Athabascan or Esqui- 
maujc intermixtwe. The KoluscUiun family, uh we have de- 
fined it, includes the Tunghaase of I)r Tolniie, the Sit-kans 
of the Russians, and Tchinkitane of Marchant. 

4. Chimmesyan. — In the preaent state of our knowledge, 
the Cheminesyans must be classed by themselves, aa speak- 
ing a distinct lan^iage as peculiar a8 that of the Koluschians, 
with wliich it has bad remote affinitit-a. 

The following table will exhibit the limits of tbiH family and 
the principal tiibes which speak the Chimmesyan language : — ' 

1. The Nanftkaak. Inhabiting Observatory Inlet. 

2. The Chemmest/an. Inhabiting Bnndas's Island and 

Stephen's Island. 

3. Kitcfiotlah. 1 t u i m- n ■ o i t i i 

. „ ,. , > Inhabiting Inncess Roval Islands. 

4. Kethumeeah. J 

5. Haulah. — This well defmeil family comprehends the 
various tribes inhabiting Queen Charlotte's Island, ineludiiig 
the SkitlegaU, Maatiets, dnnghmves, 6fc. Besides the inha- 
bitants of (^ueen Charlotte's Island, the Kyganie tribe, inha- 
bitmg Kyganie Bay, and the southern extremity of Pnnce of 
Wales' Archipelago, belong to the Haidah family. 

6. HaeeU»uk. — The Haeeltsuk tribes occupy the mainland 
and islands from IlawUesbnry Island, and Millbank Sound to 
Broughton's Archipelago, inclusive, with the opposite coast of 
the Continent, and also the northern parts of Quadra and 
Vancouver's Island. The geographical position of the Haeel- 
truk, will be beat exhibited by the following table of tribes, 
and their places of residence. 

1. Hys/ialfa. Inhabiting Hawksburg Island. 

2. Hyhtftk. Inhabiting Cascade Canal. 

3. Haeeltsuk ; 4. Esht/tuk. Inhabiting Millbank Sound- 

6. Weekenoch. Inhabiting Fitzhugh's Sound. 
6> Nalatsenoeh. Inhabiting Smith's Inlet- 

7. Quagheuil. Inhabiting Broughtou's Archipelago. 

8. Ttatla-SftequiUa. Including Northern extremity of 

Vancouver's Island. 
. Q. Leeqiiteltacfi. Inhabiting Johnston's Strait. 
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7. Brliiehoola. — This f*uiily couiprelieiids but a amall 
number of tribes, Rpeakin^. howover. n peculiar language. 
They live on the Salmon River and Deiin's Canal, wh*re 
they were visited by M'Kenzie ou hia journey to the Pacific 
Ocean. The small vocabulary collected hy M'Kenzie, lea^-es 
no dnuht^ as Dr Tolmie and Dr Latham observes, Xhax the 
Indiaiiii found by M'Keneie at Friendly Village, belrnig!* to 
tlie BelUchoola tribe. 

We have cla«sifieil the KoluRchtnnH, Haidah, ChimmMyans, 
Beilichoola, and Haeeltruk, oh distinct familiea of Indians, 
and the distinction will hold good even if their languages 
should be proved to belon;; to one general tongue, of which 
they are respectively modifications. The languages of any 
of these tribes is unintelligible to the othera; but, at the 
sante time, the number of words common to them all induce 
uft to Bvppone, that, with more copious vocabulaiies, many 
atlinitiea might be detected and diacrepanciea removed, 

8- A"a»'/7cA«(.— The following ti'ibos belong to this family:— 

1. Conwia^x/ieaA: Gulph of Georgia, Northern Part 

2. KatcitcAen. Gulph of Georgia, Southern Part 

3. Quaittm, Frozer's Kiver. 

4. Noogdalum. Hood's Caual- 

5. SquttUyamiik. l*ugftt*8 Sound. 

6. Atnas. 

The tfible of tribes speaking the Kawitchen. and of their 
habitations, indicates the extent of country over which the 
language prevails. It extends along the shores of the Ciulf 
of Georgia on the mainland, opposite Vancouver's Island, and 
south to Puget's Sound, where it approaches tb© Oowlitch 
River. Dr Toliaie has supplied three vocabulariea, tboae of 
the Kawitchen, Noosdtvluui, and Squallyamish, which appear 
io be su oi&ny dialects of the same orif^nal language ; the 
Squally a niish, however, exhibiting the greatest lunount of 
variation. The Atna IndianH of M'Kenzie are, as Dr Latham 
suggests, a branch of the Kawitchen family, and bav« for 
neighbour B the Athabaacana. 

1). Nootkmtfi. 

I. NmfM/l»t 3. ifootktmt; 3. Ti^ofuatvh ; 4v Nit- 
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tenaU All iubabii the west«n» shores of Van- 
coaver*s Island. 

5. Ciatgel. Inhabit Cape riattci*y. 

6. Queeniooli. Inhabit Qucciibitbf South of Cai>c Flat- 

tery. 

7. Chikeelis. Inhabit Oiikeeli Bay and River. 

8. CoKlilvh. Inhabit OowUtch River. 

9. Tiihalumma. Inhabit aourcert of Chikeeli River. 
The relations of tbia impoi-tant family, ua well aa itR ^a- 

grapbicaJ limits, are vei7 difficult to asccHain, especially as 
thet% 19 much confusion in the vocabularies and relations of 
the tribes inhabiting the Lower ColurabJiu If all the above 
mentioned tribes belong to the Nootlian family, it occupies a 
very extensive region, including tlie gi'eater part of the west- 
ern and southern shores of Vancouver's Island. On the 
mainlauil it extends Boutli to the Columbia River, and occu- 
pies the greater part of the region between Puget's Sound, 
the CowlitcK River, and the Paeitic. As this extensive raiio-e 
is given to tlie Nootkan family for the first time, it is neces- 
sary to distinguish what Is a.4certaincd from what amounts 
only to a considerable degree of probability- We have many 
vocabularies of the Nootkan language by Cook, Mozino, Dr 
Tolmic, and Jewitt, who remained a captive at Nooika for 
several years. A comparison of these vocabularies leaves 
no doubt that the tirat four tribes in the prefixed table belong 
to the Nootkan family. We have, uufortunately, no vocabu- 
lary of the Classet language ; but 1 have reason to believe 
that the Classets and Thioquatch can understand each other, 
and if so, the former belongs to the Nootkan family. The 
chief difficulty ia with the last four tribes mentioned in the 
list. Dr Tolmic merely says, that they speak the Chikeeli, 
bat gives no further information respecting them. The rea- 
sons for aupposing that the Chikeeli tribes are allied to the 
Nootkan family arc as follows : — At the mouth of the Colum- 
bia River, especially on the south side, wo find several tribes, 
hereafter to be mentioned, who use the Cheenook language. 
Above these tribes, and ascending to the falls of the Colum- 
bia, we find theCathlascans also Bpeaking apecultar language, 
Of th« tribes on the north side of the river, between the Cow- 
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Htfb, Putt's Sound, and the sea, we have apparently no 
vocabularie»t, although the cuuniry is occupiml bv well known 
tribea of Indians. U is noL, however, upon this negative 
argument that we place the Chikeeli trtbeR in the Nootkan 
family. WHiile residing for several weeks amon^ the iDdiaiis 
of tJie Lower Columbia. I colleeted a small vocabulary uf the 
language, and of the phrases essential for cArrying on some 
conversation with the natives. A comparison of tliLs lan- 
guAge, spoken by the Cbikcelis, with the Tlooquatoh vocabu- 
lary of Dr Tolmie and the Nootkan ones of Mosino and 
Jewitt, pi'ove that it has very groat uflinities with the Nootkan. 







COLOHRIA. 


Plenty 


Aya, Tlaoqustch 


Uaya 


No 


AVik. Nootbin . 


Wake 


Wiitor 


Tchoalt, TlaCK{ualc)i 


Chuck 


Good 


Hooleidh. do. 


Clogh 


Bad 


PeUhaVeie, do. 


FiHthak 


Man 


Tchuckoop, do. 


Tillicham 


Woman 


Tloutacniin, do. 


(.^lootdinmen 


Child 


TonasaU, do. 


TanaM 


Now 


Tloliowieb, do. 


Cltthowiab 


Coma 


Tchooqua, do. 


Sacico 


Slave 


Mitchemiu, Xootka 


Miscliemu 


WhatM- 


a yon doing? Akoots lot taomokTlibaquKtflli 


Kkta mamntok 


Wbatar 


B juu Baying ? Au-kaak-wawa Tlaoqualch 


Kkta-wawal' 


Lot tn4> a 


ee . . Naim&nitch 


N'annaniUrh 


Sun 


Opeth, Nootka 


Ootlach 


Sfcj 


Sieyn, do. 


Saya 


Fruit 


Chamaa, do. . . 


Camitf H 


To»ell 


Makok, do. 


Makok ~ 


Undents 


nd . Comniatax, do. 


Commatax 



The vocabulary here given proves that there is a very con- 
siderable atfitiiiy between the tribes of the north part- of the 
Lower Columbia and the Nootkans of Vancouver's Island, 
and is the evidence on which we have ventured to place the 
Chikeelis in the same group as the Nootkans. 

10. Cheenooks. — The Chcenooks inhabit the lower part of 
the Columbia, near the sea. and fi-om thence extend alongthe 
coast, probably until they roach the Umpqua tribes on the 
river of the same name. The chief tribes are 

1. Cheenookg. Inhabiting the south bank of the Columbia. 

2. CiadMaps. Inhabiting the sea-coast near Point Adams. 
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3- Kellamucka. Inbahiting the Kellamnck River, and 

Bouth of the CIa«l5ftps. 

4- Cathlamutit. Inhabiting; the soath bonk of the Oohtmbia 

above the Cheenooka. 

11. Umpquas. — Lewis and Clark have given the names of 
many Cbeenook tribes vpbicJi live on tbe bays and streamB 
entering the Pacific, and extending towards the Umpqua river. 
Their names it is unneceBBary to repeat. We will merely 
■tat«, that beyond them, and on the Umpqua and Clamet 
rivers, we find the Umpqua Indiana, of whom we know very 
little, except that they speak a very diatinct language, and 
are therefore entitled to form a separate family. 

12. Cathlascans. — The CathlasuLus inhabit the banka of 
the Columbia, irom the Falla down to Wappatoo Island, and 
also the lower part of the Multrumah or Willamud river. 
The Cathlascans are divided into many little tiibes. Their 
chief place of resort is Wappatoo Island, a low but fertile 
tract, which resemble the Lizerias of the, TaguH. The alluvial 
and overflown parta of ilie island abound in a species of Sa- 
nitaria, reserablinsf the S, sagittifoUa, but remarkable for 
producing at the root a tuber of the size of that of the arti- 
dtoke, which it very much I'esembleB in flavour, and forms an 
important article of food to the natives of the Lower Columbia. 

A« in the case of the northern tribes, the tamilics which 
we have called Kawitehen, Nootkan, Cheeuook, and Catb- 
lascan, may form a gi'oup by themselves, and the recurrence 
of the same words in several of the vocabularies, inducos ua 
to sappose that the differences will be reduced as our know- 
ledge of the ethnography of the Oregon impravea. 

13. Shakaptan. 

1. KUketan. Inhabit the tract between Fond Ner Per- 

cees, Mount Rainier, and the Falls of the Columbia. 

2. Skahapians or Ner Perceea, Inhabit the southern 
branch of the Columbia, and spread over a great 
extent of country. 

3. Wallniralla. 

4. Capoote. Inhabit the Snake Biver from iu uioutli to 
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its junction with the Salmon Kiver, nnd tlic inter- 
meiliato country. 
5. Peloo4e. Inhabit Bom*ces of the Spokan River. 

Of tho numeroua trib«a inhabiting the upper tributaries of 
the Columbia, there are probably many who Ethnuld be in- 
cluded in the fShahaptan family, but who, in the absence of 
vocabularies, cannot be placed in the table with any degree 
of certainty. That the Kliketat, Wallawalla, and Shahap- 
tans, speak tho same lan<^age, although with dialectic varia- 
tions, is undonbt«d ; and the vocabularies in the appendix, 
perhaps the most accurate we possess of any Oregon lan- 
guages, exhibits both tlie affinities and divei-gences. It was 
drawn up by the Rev. Cornelius Rogers, who has raided as 
a missionary among the Kez Percees, and is thoroughly ver- 
sant in their language. The Peloose and Cayooae Indians 
may also be rof erred to this family ^vithont much risk of error. 
The first live on the Wallawalla and Columbia at their junc- 
tion, the second to Uie west of the Ner Percces. The Sha- 
haptan tribes occupy a very ext«nsive territory, extending 
from Mount Rainier south to Ford Ner Percees, at the junc- 
tion of the great northern and southern tributaries of the 
Columbia, and inelnding the extensive country included be- 
tween them. 

14. Okanapan. — This family is placed to the nortli and 
east of the >ShahaptanB. The laugaage is spoken at X'ori- 
Oknnagan and in the upper part of Frazer's Hiver, As Dr 
Latham conjectures, it is probable that the Salish or Flat* 
heads belong to the Okanagans. The Kcv. Mr Parker says, 
they are a branch of the Shahaptans, and speak tho aame 
language, but the scauty vocabulary we possess is in favour 
of Dr Latham's opinion. The affinities of the following tribes , 
are unoertain, although they must be referred either to tliefl 
Shahaptjins or Okanagans :— the Spokans, who live on the ■ 
Spokan river, the Coeur, and Alenes, and Pouderas, who are 
a numerous tribe living to the north of Clariie's River. The 
Cootanies on the M'Gillivray River, according to Mr Parker, 
speak a peculiar language, and beyond them we have the 
Athabascan Carriers. 
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15. Kalapooiah. — We possess vocabularies of two dialects, 
of tbie family, the Kalupooiah ami Yamkallie. The lan^age 
is spoken buyoad the sources of the WUlumui River, in the 
extensiTe plains in that quarter, and separated by the range 
irom the Cheenook and Umpquait. 

16. Shossooniea. — The SUossooniea, Snakes, or Diggers, who 
reside in the mountains and deserts to the sonth of the sources 
of the Columbia, ai*e the only remaining family to be noticed, 
as the tribes inhabiting California, fi'om the soui'ces of the 
Rio Colorado southward, are too little Unowu to afford mate- 
rials for description. lu ttie absence of complete vocabu- 
laries, we only know that they form a family apart, having 
no affinity with the Shahaptans or Kalapooiah. The Shos- 
Boonies are, perhaps^ the most miserable Indians on the whole 
continent, except the inhabitants of Terra del Fuego ; and in 
their arid desert^i their condition, Si» described by Captain 
Fremont, is more like that of the Hott-entots, or the natives 
of Now Holland, than of American Indians. Their chief 
aobsistance, when fisb is not to be found, consists in a scanty 
supply of game, lizards, and small mammifers, and sudi 
roots as the cDunti>y aflbtnis. 

Their chief vegetable food coiisistB, according to Captain 
Fremont, of tiie roots of a thistle, the Circium tur<femanum 
of iUe Arte thum ffraveolens. The Camas camaseia escttlenta, 
and a species of Valerian, V. ednii. It is on such scanty fare 
that the Shossooniea subsist amidst their rocks and deserts. 

in the preceding synopsis, it has been attempted to exhi- 
Ut as complete a view us possible of the various tribes in- 
habiting the northern coast of America, from the Polar Seas 
to the Columbia. The extreme ditliculty of the task, and the 
toil of collecting information scattered in minute portions 
through a great variety of works, will, it is trusted, be taken 
as au apology for any errors which may have been fallen into. 
"Wei's we to construct an ethnographical chart of the north- 
west part of America, and compare it with the excellent one 
which Mr Gallatin has given, illustrating the distribution of 
the Indian tribes east of the Rocky Mountains, nothing would 
appear more striking than the great variety of languages 
spoken in the narrow district included between the Rocky 
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Mountains and the Pacifio, contrasted with the few but mde 
spread dialects, Hpoken between Hadson*s Bay and the Gulf 
of Mexico. Unwilling to iutroducc premature generaliza- 
tions, we hare estimated the number of distinct lan^agea at 
sixteen. Although the number wilt probably be conaiderably 
reduced by subsequent investigations ; the Okanagan may be 
perhaps united to the Shahaptan and the Uaidub, with the 
Koluachian ; but after all such reductions, the ntunber of iBs- 
tinct languages spoken to the west of the Rocky Mountains, 
will be far greater, in proportion to the surface of country and 
population, than it is to the east, between the mountains and 
the Atlantic. The territory occupied by tlie Algonquin race 
alone exceeds the whole extent of the Oregon territory. In 
the south of the United States, however, wo have something 
analogous to tlie population of the west coast, for there a 
great number of small tribes are found s|M;aking dii^tinct lan- 
guages, and having little affinity with each other. The creeks 
and the jungles of that part of country appear to have otforded 
an aaylnm to tribes expelled from their ancient abodes. On 
the east of the Rocky Mountains the ^vide diffusion of parti- 
cular languages depends in part on the nature of the country. 
Subsiatiiig almost exclusively by the chase, eaeh tribe re- 
quired a great extent of country ; few natural barriers existed 
to prevent dispersion, and the sangninary nature of Indian 
warfare" left no resource to the vanquished but the alterna- 
tive of flight or extermination- In the history of the Irri- 
quois confederacy, we have a picture of this desolating wa^ 
fare in which even the harsh merry of slaverj' was refused to 
the vanquished. 

Among the natives of the north-west coast, the features of 
the country, intersected by mountain ranges, or broken up 
into islands, rendered the tribes more sedentary ; while, at 
the same time, it permitted, and even from the diversity of 
its products required, some degree of commercial intercourse. 
Under such physical conditions, and where the modes of ob- 
taining food varied with the character of the country, extcn- 
aive conquests were impossible ; the energetic Haidah of 
Queen Charlotte's island could not, even if conquerors, abandon 
at ODce their modo of life as fishers, and change theinsel 
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into btmters if they penetrated across the mountains, ajid 
OGcnpicil tbe coimtry of the Athftbnscans. This circumstance 
IB unquestionably fjivourable to the production and preserva- 
tion of a Tariety of dialects, although it is by no means a 
proof that they were not originally derived from a common 
source. Mlien, to ascertain this, we compare the diflerent 
Tocabnlaries, we find a source of perplexity which does not 
Dccar to any thing like the same extent among the languages 
spoken to the east of the mountains. In the Ii'riquois, Che- 
rokee, Sioux, and Algonquin, we find very few words com- 
mon to all or to any two of them ; the term expressing num- 
bers, the common objects of nature, articles of indispensable 
necessity, or of family relattonBhip, are perfectly distinct In 
the languages of the narth-west coast, on the contrary, there 
seem to be an equal balance of divergences and resem- 
blances ; the same words reappear in the most remote lan- 
guages, and these fi'equently numerals or other terms of the 
first necessity. The similarity with respect to numerals, 
may be at once seen on inspecting the vocabularies published 
in the IVoceedings of the Geographical Society. 
The following instances will explain the same fact : — 

Man, Tillicham, Columbia Rivor ; Bot. Tchileque, Carrier. 
Woma-n, Shcwat, Koluscliian ; Aiat, SiioliaptaQ. 
Water. Tchnk, Nootian ; Tahusb, Wallawalla. 
Child, Mimua, BeUichtiola; Miunimiia, Kuivitchen. 
Child, TillcoolQ, ChinuneBjiui ; Tool, Cheonook. 

The source of strange confusion, so to speak, appears to 
depend on the following circumstances. The Indians ofdhe 
northward possess a very different natural character from 
that of the eastern tribes ; they are.more sedentary, of a mild- 
er nature, their wars are far leas cruel, the prisoners are 
usually detained in a state of mild slavery, and ultimately 
incorporated into the conquering tribe ; and this circum^stance 
alone will tend to produce an intermixture of dialects. An- 
other modifying cause results from the extensive commercial 
intercourse cari'ied on between even vei'y remote tribes. 
Baron Wrnngell has given an interesting account of the ac- 
tive trade cari'ied on, from time immemorial, among the tribes 
from Behring's Straits to Queen Charlotte's Island, and even 




tfi Nootka ; Dr Tolmte lias giren valoablo information respec- 
ting the fairs held at Naaa, where the Kolusckians. Haidah, 
Chimmesyans, and }iaceltzuk, interchange commodities. 

Previous to the arrival of Europeans, when the use of iron 
was unknuwD, copper was an article of great value, and the 
traditions concerning it prove it« former importance ; and »1- 
HO a commerce in articles constructed from this metal 
"Wrangell informs us that the Northern Atnas of the Copper 
Riverwere famous for the fabrication and commerce in knives 
and daggers of copper. The tradition of the Chippcwyane, 
recorded by M'Kenzie, that their ancestors came from the 
west, from a coimtry abounding in copper, may probably re- 
fer to their intercourse, by meaus of the Gamers with the 
Atnas of the Copper River. According to Mr Dnnn, the 
Oheelhaats of Ljiin's Canal were, like the Atnas, famed for 
their copper, which they \vrought with great dexterity. In 
this countrj*, he says, great quantities of virgin copper arc 
found, some of it is worked into a kind of shield, two feet and 
a-half long and one broad, with figures of men and animals 
expressed on it. The labour and ingenuity expended in work- 
ing these shielde gives them a great value. One of them is 
estimated as worth nine slaves, and is transmitted as ft pre- 
cious heirloom from father to son. The tradition of the Noot- 
kans, as related by Mcares, bears upon the same point. An fl 
old man entered the bay in a copper canoe with paddles of 
copper ; and thus the Nootkans acquired a knowledge of the 
value of that metal. 

Another article of commerce, or rather the circulating 
medium of the country, was the hyaqua shell, which was a 
still better substitute for money than the courie of the east. 
These hyaquas were sorted according to their sizes, and after- 
wai-ds strung together always to the number of forty. The 
mode of estimating their relative values waa very ingenious 
and simple. If the string of forty hyaqnas made only a fa- ■ 
thorn they were of umall valne ; if thirty-five made a fathom, 
the shells were of gi-eater size and worth, and, of course, five 
remained over, and when ten remained in excess, such a string I 
of hyaquas waa worth many beaver skins. These hyaquas are 
obtained at Nootka and De Fucas Straits, but so much value 
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was attached tu them that they found their way to OoualasUa 
and the Columbia Kiver. This sboll money, both from its 
limited supply. Us durability, and facility with which ita value 
could be expressed in nutAbera, and its portability, was far 
superior to the coccca money of tbe Mexicans. This com- 
mercial intercourse must have have tended tn produce some 
Msimilation among the idioms ; aud, accordingly, we find 
that moftt exchant^eable articles bave tbe same name in Ko- 
luachiau and llaidah, although tbe languages are, in other j*e- 
spects, very diftercnt. The practice of kidnapping and sel- 
ling slaves must bave had a similar tendency. 

Another cause of variation is the dialectic difTerences which 
^w up in distant tribes speaking the same language, lead- 
ing to ditferences of pronunciation which the stranger can- 
not detect. 

In t^e Wallawalla aud Shahaptan vocabularies, appended 
to this paper, we see that, even in Indian languages, such 
variations follow ceHain rules. Accoinling to the excellent re- 
marks of IVIr Rogers, one form oF the subjunctive ends in fah 
ftnd naA, in Wallawalla it is always (ahna ; the Wallawalla 
substitute ah for tbe Sbaliapton k. as in tshuak fur acuah ; the 
Wallawalla substitnies w for Sbabaptan /, as wanaka for 7t>a- 
laga. Mr Rogers also adds^ that Uie same word often varies 
considerably in signification; and hence another cause of 
difficalty in judging of affinities from imperfect vocabularies. 
Another observation by Mr Rogers, paints out another cause 
of variation, of which I know of no otlicr instance among In- 
dian tribes. He informs us tliat the Cayouse Indians have an 
entirely distinct language of their own ; but they have long 
Junce adopted the Nez Percee as their national tongue, and 
only a few of the old people retain a knowledge of their ori^nal 
language. If this cir<:umstant:c be fully establislied, it throws 
much light on the causes of variation in the Oregon languages, 
and indicates a much more flexible disposition than is usually 
found among Indians. The smalleat tribe, in the south of the 
Cnit«d Stat«B, retained its language with the most obstinate 
tenacity ; aud Llic barbarous Otoniis retained their uncouth 
language for ccuturics amidst the more polished languages 
of Mexico. With our present imperfect knowledge oC iVc% 
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Ian|i;ua^8 spoken in the north-west coast, all attempts at 
ethnologicftl e1a«si6 cations will remain imperfect, more voca- 
bularioH must be confltructed, and the old corrected, before 
we can trace the affinities uiid migratioas of ^ibes. the study 
of whose dialects constitutes all tlieir history. 

The researches uf American philologists, especially l)tt 
Ponceau and Gallatin, hare shewn, that, however different 
the words may bo in ludian languages, ilie same grammati- 
cal stracturo pervades them all. From Canada to Chili, we 
find similar forms under a great diversity of words. The 
principles uf M. Du Ponceau have been found applicable, 
with one exception, to all the hitherto examined huiguages 
of America, and it is an interesting inquiry to ascertain whe* 
tber the languages of the nortU-west coast afford contirma- 
tloD, or exceptions, to so extensive a generalisation ; unfor- 
tunately the materials are not abundant, as it is far moi*e dif- 
ficult to obtain a grammar than, a vocabulary. The only 
grammar of an Oregon language, which we are ac^uaiuted 
with, is a manuscript one of the Shahaptan or Nez Fercee, 
drawn up by the Rev. C- Rogers, and which affords a short 
but perspicuoDs view of the peculiarities of that wide-spread 
tongue. 

The only consonants used in Shahaptan are h k 1 m d p ■ 
t w. Tlie letters b d f g r v z, so often absent in Indian 
languages, are only used in Shahaptan, when pronouncing 
foreign words. They have, however, several sounds unknown 
to English as ph as])irated Ik, tkt, gfik. 

Like the other American, or in short, all barbarous lan- 
guagGS, the Shahaptan is rich in wa»]s Indicating every vane- 
ty of object, but poor in general terms, like the Malayan dia- 
lects, where there may be twenty names for gold, but none 
for metal. It is apparently to the sume poverty of general 
ideas, that the pronouns and verbs, with their delinit'e and ge> 
neral plurals, and i/aat variety of inflexions, indicating every 
minute particular of time, place, or motioii, are very un6t for 
the discussion of moral topics. They resemble the technical 
language of botanists, expressing with rigorous precislott, 
the form and properties of bodies, but unfit for any kind of 
speculative discussion. The distinction of bodies into animator 
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and iDaDttnate, which pervades the Algonquin, and exists, 
although ill a minor degree, in many American languages, 
has not been hitliei'to detected iu dialects of the Oregon. 
Although not immediately connected with the auhject, it may 
be mentioiied that Una distinction of bodies into animate and 
inanimate is not peculiar to some tribes in Xorth America. 
It appears to exist in the Peruvian, where alao animate ob- 
jects are divided into rational and uTatiaual. In the rational 
and irrational divisions, the Bex is expressed by words equi- 
valent to male and female, but these words are different in 
the two classes of nouns. 

We have now to offer a few remarks on the physical ap- 
pearance, intellectual clmractor, and t^ocial institutions of 
tiie Indians of the north-west coast of America. Even if we 
exclude the Esquimaux, we find there is a considerable rariety 
in the physical featuresof the north-west Indians. TheHaldah 
and Koluschians diiier gi-eatly from the Cbcnooks and Oath- 
lascaoB of the Columbia; and the Sliahaptu.n» and Kleketat 
differ from both. Tlie northern tribes are of a palo com- 
plexion, and are not darker than the Portugueae or Italians, 
while the complexion of the Columbian Indian is deeper, al- 
though not so much as the Irriqiioia of Canada. The fea^ 
tures also of the northf'rn tribes arc more prominent, they 
have broader check-bones. The Koluscbians are of middle 
stature, but strong made, with broad nose and great cheek- 
bones, and in all respects strongly marked features. The 
Checnooks arc of small stature, with crooked legs, from 
Bitting so long in their canoes, with flat nose and large nos- 
trils, lint their features are less prominent than in the Haidab 
aod Koluschiaos. The Kteketat and Flatheads are of a fair 
complexion, tall stature, well made, and active. The pecu- 
liarities in the form of the cranium have been mentioned in 
a pa{>er on the Oregon Indians, published in the Transac- 
tions of the Geographical Society'. 

The intellectual and moral characters of the Indians on 
tbe west c<»ast are very different from those of the Indians 
east of the Mountains. From the nature of their pursuits 
the Oregon Indians have a more extensive range of ideas, 
and are less inflexible in character than the other iv.m%'<^c%.T\. 
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tribei. The western Indians &re imitAtire nnd docile ; and 
bMrtf>>d of the banl-heartedness of the IrnqooiB, the ferocity 
of ib« Carib. or the implacable cnielty of the Brazilian, the 
Oregoo Indians are comparatively humane, the custom of 
scalpinj^ is unknown, prisoners token in war are rarely put 
to death after tlie excitement of the contest has subsided, 
and they are never exposed to lingerina; tortures. Those 
probationary tortures by which the younf^ men were miti&ted 
into the rank of warriors, and of which, as practised by the 
Mandians, Mr Catlin has given so entertaining an account, 
are unknown to the west of the Rocky Mountfuns. 

There is, liowerer, a very considerable variety of psycho- 
logical character among tlie tribes of the north-west coast. 
The northern tnbes of Koluschiana. Huidah, and BelUchoolaa 
are, in point of skill and ingenuity, far superior to the Chee- 
Dooks and Cathlascans. The mechanical skill and imitative 
ingenuity of the northern Indiana as displayed in the con- 
struction of their canoes, houses, fishing implcmenta. a-s well 
as in their ornamented daggers, pipes, and masks, has at* 
tracted the notice of all civilised visitoi's. The elaborate 
carvings of the Haidahs is equal in skill to any thing we 
find displayed by the Mexicans, and shews how small an 
amount of civilisation might suffice for the eonstruction of 
the monuments of Chiapa or Yucatan. A very curions in- 
stance of the iraitfttive powers of the northern Indians is 
related by Mr Dunn. The Bellichoolas of ^lillbank Sound 
were struck with admiration on the first sight of a steam- 
boat, and imdertouk to construct a vessel on the same mode!. 
In a short time they had foiled a large ireo, and were con- 
strncting the hull out of its scooped trunk. Some time after 
the rude steamer appeared. She was from twenty to thirty 
feet long, she was black with painted ports, was decked 
over, and the paddles painted red, and Indians under cover 
to turn tliem round. She was floated triumphantly, and 
went at the rate of three miles an hour. The introduction 
and general cultivation of the potato without the aid of 
European lesBons or example, is a remarkable instance of 
the docility and indastry of the Haidah, and they not nn- 
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frequently sell from five to eight hundred butthels of them at 
the annual fair at Nans. 

The Indiana of Nootka are not equal tfl the northern 
tribes, but arc superior to the Checnooks and Cathlascans of 
the Columbia, who are the least energetic, and at the same 
time the most cowai*dly uud licentious of all the inhabitants 
of the north-west coast. If inferior in some degree to the 
northern tribes, in as far as regards dexterity and mechanical 
skill, the tribes of the interior, such as the Flat-Heads, Ca^-UBe^ 
and Shahaptans, are by far the first in moral cliaraoter. The 
desire for religious even more than for intellectual culture, 
and the strong, although untutored, devotional feelings, 
are pleasing phenomena in the Indian race, in general bo 
nntractable. This favourable account of the Flatheads 
and allied tribes, does not rest on the evidence of the mis- 
sionaries alone, but in the opinion of all who have travelled 
among them. They are described as polite and unobtru- 
sive. Even tlie children are more peaceable than other chil- 
dren, and although hundreds may be seen together at play, 
tiiere is no quarrelling among them. They have learned to 
observe Sunday, and will not raise their camp on that day ; 
they also spend a part of it in prayer and religious cere- 
monies, The chief assembles them to prayer in which they 
all join in an occasional chorus. He then exhorts them to 
good conduct These customs were adopted before the ar- 
rival of Christian teachers among them. 

The religion, or rather superstitions, of the Indiana of the 
nort.h-west coaHt-, do not appear to differ gently from those 
of the tribes to the east uf the MnunCains. The supposed 
nmpHcity of the Indian creed, as well as their equally ima- 
ginary eloquence, have been the subject, of much vague spe- 
culation, founded on inaccurate observations. As an instance 
of the vagueness with which the customs of the Indians are 
aometimes described, it may be mentioned, that a very re- 
spectable writer, in speaking of the Cheenooks, alludes to 
usemblies around the council fire, taking up tlte tomihawk, 
and displaying the scalps of their enemies, altliough such 
customs were unknown in the Oregon teiritory. 
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lu like manner, when we hoar the tenn Great Spirit so often 
used in speaking of Indian RUp<>r»titionH, we are ready ia enp- 
pose that sucli an expression conveys the equivalent idea to 
the Indian which it doea to ourselves, and that their faith 
was a nimplo natural theism. This, however, is very far 
from beinjf the case. The religion of the Indian is merely a 
kind of fetirhiRra, consisting in charms and incnutations. In 
the narrative of Tanner, who lived from his childhood among 
the Indians, and who^e l^iihful and detailed narrrative is so 
different from the speculations of certain writers, wc find 
that the religion of the Indian is merely a system of fetichism 
aimilur to that which once prevailed among the Finns, and 
is found at the present day among the people of Sibeiia. 
Among thp Indians east of tho Mountains, the fetiche, under 
the name of medicine bag, ia well known, and consists merelv 
of sorae object supposed to be possessed of mysterious powers. 
Along with this, there is excitement produced by fastings, 
incantations, and dreams. On the north-west coast the syatcm 
is similar ; and in a former paper, to which allusion has been 
already made, there is an interesting account by Dr Tolmie 
of the superstitions of the Haeeltruk. In the Oregon terri» 
tory, the term mcdioine-TOnn is more appropriate than it is 
to the ea«tof the Mountains ; for, on the Columbia, the chief 
iufluencc ia derived from expelling dineases by means of 
charms and mystic ceremonies. 

Connected with the religion of these Indians, their mode 
of intennent deserves notice. It ia remarkable, that the 
almple and natural process of committing the body to the 
eortb, is rarely practised by the American Indians. Among 
the ancient Peruvians, the body was vtrapped up in mats, and 
interred in a sitting posture, the same posture in which the 
dead are represented in tbe picture writings of the Mexi- 
cans. On the north-west coo-st, the body is sometimes placed 
in a box, and deposited in the erevicea of the rocks, or put 
intn a canoe, and raised upon props, where it dries, and be- 
comes a mummy, and so remains until the body and the 
canoe fall into decay. The custom of burning the body, al- 
though uncommon, was practised among the Carriers of New 
Caledonia. Mr Dunn informs as, that, like t-he people of 
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Hindostan, they u»eJ, uaiil lately, to barn their dcud, a cere- 
mony in wliich the widow of the deceatsed, ultbougb not sa- 
criBced, was obliged to continue beating the breast of the 
corpse uulil it was consumed on the funereal pile. Instead 
of being burned; she was obliged to serve aa n slave the re- 
lations of ber deL^cased husbuiid for u HPrie» of yearn, during 
wbich she wure uruuud her neck a 3mall bag coutaiuiug a 
portion of the ashes of her husband. At the end of the al- 
lotted time a feast was held, and she was declared at liberty 
to cast oflFtbe symbols of lier widowhood. 

Another curious custom, of which, howeTer, we have found 
as yet only obscure notices of Us existence on the north-west 
coast, iH what has been called the totem, among tbeAlgoaquinSj 
among whom the institution exists in perfection. According 
to this institution, an Indian tribe or nation is divided into va- 
rious clans or families, each sujj'posed to have a common de- 
Bceatt bearing, as an emblem or surname, the appellation of 
some animal or other object^ which, among the Algonquina,ia 
called the tuteui of the clan. Individuals amuug the Indiana 
eaonot marry within their own ctan, bnt must seek a wife in a 
clan bearing anotliei" totem ; and hence marriages into a close 
degree of consanguinity are etFi;ctuuIly prevented. The fe- 
male children in many tribes fcdlow the totem of the mother, 
while tJie mules follow that of the father. This system ap- 
pears to be very general amung the Indians, and even in 
other barbarous nations ; and we find tracns of it among the 
Indians of the north-weat uOftst. The Cbeenooks generally 
seek for wives among the Chiheeleea, and cice versa; and 
thus Indian women may be found in places vf ry remote from 
the abode of their parents. Among the Koluschiana and 
northern tribes, there is the division of the dog and raven 
clans, with luimerous subdivisions. This system, existed in 
South as well as North America. Thus Piedrahitaj in hla 
History of New Grenada, notices its occurrence among the 
Panches, a tribe inhabiting that country. He says, " No 
c&saban los de uno pueblo cnn muger algnn.i del, porque 
todos se teniau pur heruiunos, y era sacro sancto para elloin e 
impedlmento de parentescn ppro era tal su ignorancia, qui 
si la proporia hermaua uacia en deferenti pue\i\o, no e!«Aso.%»}a% 




c&sarse con ell& ol berm&no." The existence of this iost 
tion appears to have prodnced the very cariona peculiarity 
Indian languages noticed by Mr GaU&ttu, that the wome-O 
use different words from the men to express family relation-* 
ships. In ttonte Indian languages this peculiarity penetrated 
even deeper into the language. Among the Moxas of Sooth 
America, the women and the men nse different pronouns ia 
speaking to each other of things relating to each other. The 
E-obang of the Australians appears to be the very same inBta* 
tution as the totem of the Algonquina ; and it would be inte- 
resting to know if similar peculiarities pervade their Un- 
guftge. 





Slulwptaii. 


WiUawUb. 


XUMetMX. 


Hsn 


Kama 


Wlnah 


Wina 


Boy 


Kwwae 


Tabnutabiut 


Aswan 


Woman 


AInt 


Tilnhi 


Ajflt 


Qirl 


Pitttn 


Tohaut 


Pitinikj 


Wife 


Swapna 


Afiliam 


Ashaju 


CbUd 


Uiahi 


Iiihfe 


Miaiuub 


Father 


Pislid 


Palilt 


Pfihit 


Motber 


Pika 


Ptihs 


Ptahs 


Friend 


Ltketiwa 


Hhai 


ilhai 


Fin 


Ala 


Sluksh 


Sluk) 


Water 


Tknih 


Tshush 


Tfibuufib 


Wood 


Hatain 


Slukas 


81ukiiaf 


Stone 


FUhwa 


P<itiwa 


Psliwa 


Groimd 


Watsash 


Titsbam 


Titshom 


Son 


WisbamtuVsh 


All 


Au 


Moon 


.... 
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Ailhai 


Stan 


Witsein 


Haslu 


Haalo 


Clouds 


Spalikt 


Pmhst 




fisin 


Wakit 


S^bbault 


Tobtoba 


Snavf 


Maka 


Poi 


Maka 


Joe 


Tabask 


Tabouk 


Toh 


HOTM 


Shikom 


Kusi 


Kusi 


Dog 


Shikamkan 


Kiui Kust 


KqsI Kusi 


Buffalo 


Kokulli 


Mtumnssin 


MiisiTiusBia 


Mole Elk 


Wawakift 


Wawalda 


Wiaat 


Female Elk 


Tasbip 


Ta»liipka 


Wiast 


Orey Bear 


Pahos 


Wapoutle 




Blai;k Bear 


JaJca 


Saka 


Analmi 


Houee 


Suit 


Soit 


Snit 


Gun 


Ttmniii 


Tainpa* 


Tuilpaa 


Body 


Siiiik9 


Waimokahash 




Head 


Himkia 


Tilpi 


Pnlka 


Ann 


Atim 


KamkoB 




Eyes 


ShUlui 


Atabaitb 


Aubaili 
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SlnliapUa. 


WalUiralln. 


^^^H 


^^^ 


Xathna 


Natbnu 


Nosnu ^^^H 


^^^B 


Matoata 


Mat^iu 


^^^1 


^^^H 


Him 


Em 


km. ^^H 


^^^K 


Tit 


Tit 


^^H 


^^^B 


Spshus 


Spap 


Alia ^^1 


^^^V 


Aliwa 


Waha 


^^H 


^^^* 


Wftinsh 


'I'ama 


^^^H 
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Beapkat 


Shkam 


Shkam ^^H 


^■^ 


Tabr 


Skeh 


^^H 


B^ 


Kapsbisb 


MiUa 


Teh ail wit ^^H 


^^^^ 


SakfM 


Sabwaih 


Babweah ^^^B 


^^^^ 


Kenis 


KaEat 


TewiBlia lU»At ^^H 


^^^v 


Waiat 


Wiat 


^^H 
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Keintatii 


Tsiwas 


Tsa ^^^H 


^^^1 
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Abat 


Smite 
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Naihalh 
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Tshimuk 
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^P 


Sepilp 


Sutsha 


Siitea ^^H 




Kina 


Tflhoa 


Stsbioak ^^H 
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Kuuiv 


Kuna 


SkonB ^^^H 


M« 


Minu 'i 


Mina? 


Mam ^^^1 


Hi 


Mana? 


Mnn? 


Mun? ^^H 


ktf 


MtsK ? 


Mish -i 


Miah y ^^H 
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Miuiama? 


Maui? 
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^t 


IthU 


Skiu? 
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Ma? 


Mam? 


^^H 


nuuhf 


Maif 


Milh? 


Miihf ^^1 


Ltich. 


Kala 


Kulk 


Skulk ^^H 


f&rf 


Miwaill 


Maal? 
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ir 


Kcwail 


Kwal 


^^^1 
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Mabae ? 


Maalb 
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mg 


Koline 


KwaU 
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K 


Ki 


Tsbi 


^^H 
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Jok 


Kwa 


Skwa L^^l 


^K 


So 


Su 


Suk l^^H 


^P 


Sui 


Sui 


^^H 


■Ttt 


Ipl 


Ipin 


Piiik ^^H 


ft 


Nun 


NaniB 


Nemak ^^^H 
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rma 


Ena 


Inwk ^^^^1 


P 


Bma 


£ma 


Fatnak ^^^| 


EP 


Kusha 


WinjLBha 


Winiisba ^^^H 


ae 


Hakeaha 


Hokaba 


^^^H 


ay 


Heisba 


Nq 


^^H 


jdk 


Tseksa 


Siniwiua 


binavaaa ^^^^| 


ndk 


Wenasa 


Winoahash 


^^^1 


«ad 


Wasasba 


Wasoeba 


Wasasba ^^H 


At 


Wipifilia 


KwattLsliak 


^^^1 


Irink 


Makoaha 


Matshufibask 


^^^1 


llMp 


Piuiiuiksiiii 


Pinuslia 
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To wdce 
To lore 
To take 
I'o know 
To forget 
To gWa 
To Seize 
To be cold 
To be aide 
To hunt 
To lie 
To fieri 



KhaJtaptan. 

Waksft 

Watonlilis 

Paaltt 

Lukiium 

Titolosha 

luisha 

lujiisiia 

IswuiMt 

Knraaiaa 

Tukoliku 

Milihamitha 

Pakwaiha 



WbIImwUU. 

Tshthisuk 

Tkesiiaak 

Apalaihaal 

Ashakuuhash 

Btakihuh 

Niibmauuh 

Shatflhaah 

Sweoabash 

P^mbaali 

Salwluas 

TsbUhkshash 

Pokwuhaab 



Kldtcttb 
Tahibubs 
Tluduba 

ShuVunsba 



Wanapalu 
Iiwaiska 

Paiiuha 

NistuwaSK 

Tahiska 

Pakwasba 



On the Winds, as inftuencin^ the Tracks saUed by Bermuda 
Vetieh ; and on the Advantage tchkh v%ay he derived from 
Sailing on Curved Courtes, when meeting with ProgressVK 
Hevolvinff Winds. By Governor KSUD of JJerrauda.* 

In hif^h latitudea, the prevailing atmosplieric curreuta, 
when tind'tstttrbcd, arc weaterly, particularly in the winter 
Reason. Aa storma and gale« revolre hy a fixed law, and w* 
are able by observation to distinguish revolving gales from 
steady -bio wing winds, voyages may be ahorteued by taking 
advantage of them. 

The indiftttiona of a progressive revolving gale are, a de- 
scending barometer with a regularly veering wind, or with 
the wind changing suddenly to the opposite point. 

In the northern hemisphere, atoruia revolve firom right to 
left, thus /~^ 

In the Bouthera hemisphere, storma revolve from left to 
right, thus /^^ 

The indications of a steady-blowing wind which will not 
revolve, but blow in a straight-line direction, is a high baro- 
meter remainiug stationary. When the steady wind blows 
from either pole, according to the side of the equator, the at- 
mosphere will be both dry and cool. An increase of warmth 
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and atmoBpheric moiature, are indications of the approach of 
a progressive pevolvinjj; wlud. 

The first half of a revolving gale, is a fair wind from Ber- 
muda to New York, because in it the wind blows from the 
eatt; but the last half is a fair wind from New York to Ber- 
muda- During the winter season, moat of the gales which 
pass along the coast of North America are revolving gales. 
Vessels from Bermuda hound to New York, flhould put to 
aea when the north-west wind, which is the conclusion of a 
passing gale, is becoming moderate, and the barometer is ris- 
ing to its usual level. The probability is, more particularly 
in tlie winter season, that, after a short calm, the next suc- 
ceeding wind will be easterly, the lirat part of a fresh revolv- 
iog wind coming up from the south-west quarter. 

A ship at Bermuda bound to New York or the Chesapeake, 
might sail whilst the wind is still went, and blowing hard, pro- 
vided the barometer indicate that this west wind is owing to 
a revolving gale, which will veer to the northward. But ai 
-the uaual track which gales follow in thiw hemisphere is 
northerly or north-easterly, such a ship should be steered to 
the Ronthward. As the wind at mefit veers towards nortk" 
Trejrt and north, the vessel would come up, and at last make 
a course to the westwai-d, ready to take udvuDtage of the ea$t 
wind at the setting in of the next revulving gale. 

A vessel at New York and bound to Bermuda, at the time 
when a revolving win<l is passing along the North American 
coast, should not wait in port for the westerly wind, but sail 
aa soon as the fir.^t portion of the gale has passed by, and 
the NE. wind in veering towai-da north ; provided it should 
not blow too hard. Kor the mrfh wind will veer to the west' 
ward, and become every hour fairer for the voyage to Ber- 
muda. 

A great number of gales pass along the coast of North 
America, following nearly similar tracks, and in the winter 
season make the voyages between Bermuda and Halifax very 
boisterons. These gales, by revolving as extended whirl- 
winds, give a nortUerty wind along the shore of the Ameri- 
can Continent, and a southerly wind on the whirlwind's op- 
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polite aide far out in the Atlantic. In ^ling from nalifu 
to Bermuda, it is desirable for this reaeon to keep to the 
westward, an aiFordiag a belter cliance of having a wind blow- 
ing at north, instead of one at tvuth ; as well as beeau&c tlie 
current of ttie Gulf Stream sets vesaels to the eastward- 

When vesseU comin;^ from Barbadoei* or its neighbourinK 
West India Islands, sail to Bermuda oit a direct course, they 
aometJmos 6a)l to the eastward of it. and find it very difficult 

I make Bermuda when westerly winds prevail- They should 
'^erefore take advantage of the trade-wind, to make the 68' 
or 70" of west longitude, before they leave the 2b^ of latitude. 

On a ship leaving England for Bermuda, instead of steer- 
ing a direct course for the destined port, or following the 
usual practice of seeking for the trade-winds, it. may be found 
a better course, on the setting in of an easterly wind to steer 
west, and if the wind should veer by the south towards the 
mat, to continue on the port-tuck, until by changing, the ship 
could lie its course. If the wiud should continue to veer to 
north, and as it sometimes does even to the eastward of north, 
a ship upun Uie starboard- tack might be allowed to come up 
with her head to the westward of her direct course. On botii 
tacks she would have sailed on curved lines, the object of 
which would he, to carry her to the westward against the pre- 
vailing wiud and currents. There is reason for believing 
that many of the revolving winds of the winter season origi- 
nate within the tropics ; and that ships seeking for the steady 
tnule- winds, even further south than the tropic, at that |)eriod 
of the year, will frequently be disappointed. Uow near to 
the equator the revolving winds originate in the winter sea- 
son, is an important point nut yet sullieiently observed. The 
quickest voyage from Kngland to Bermuda theretbre, may 
perhaps be made, by sailing on a course composed of many 
curved lines, which cannot be previously laid down, but which 
must be determined by the winds met with on tlie voyage. 
This principle of taking advantage of the changes of revolv- 
ing winds, by sailing on curved lines, is applicable to high 
latitudes in both hemispheres when ships are sailing westeriy. 

UOVRRKMXNT HonsK, llCKHtUA, 
2U Uank 1646. 
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lyw of the ContHtuent and Adventitious Mine.rah of Trap 
and the Allied liock^i. By Jambs D. Daxa. 

The Tuineiiils of trap and the allied rocks may be arranged 
'\n two groups ; 

1. Those eHsential to the constitution of the rock, or inti- 
KBtoly disseminated through its texture. 

2. Those which constitute nodules or occupy seams or cftvi- 
tief) in these roekH. 

Of the fii'Bt group, are the several feldspars, with au^te, 
li<H*nblendei epidote, chrj'solite, lencite, specular, magnetic 
and titanic iron ; and occasionally Hauyne, sodalite sphene, 
mica, quartz, garnet, and pyrites. Of the second group are 
quartz, either crystallized or chalcedonic, the zeolites or hy- 
drous silicates. Heulandite, Laumonite, stilbite, epistilbit'O, 
nairolit^, scolecite, mesole, Thumsonite, Phillipaite, Brew- 
Kterite, harmotome, analcime, chabazit*, dysclftsite, pectolite, 
apopbyllitc, Prehnite, datholite, tiigether with spatliic iron, 
calcapar and chlorite. Native copper and native silver might 
be added to both groups, yet they belong more properly to 
the latter. T(» the same also might be added sulphur, and 
the various salts that are known to proceed from decomposi- 
tions about active volcanoes, including the crystallization a of 
alum, gypsum, strontian, &c. ; but these more properly form 
rtill a third group, and being well imderstood, will not come 
nnder consideration in the remarks which follow. 

We observe, with regard to the minerals of the iirst group, 
that they arc all anhydrous — that is, contain no water. In 
this respect, the essential constituents of trap and basalt are 
like those of granite and syenite. But in the second groupj 
conaisting of the minerals occun*ing in cavities or seams, all 
contain water except pectolite, quartz, calcspar, and spathic 
iron ; and the last three are known to be always deposited 
in an anhydrous state from aqueous solutions. 

We proceed to give a few brief hints with regard to the 
first group, intending only to glance at this branch of the 
nibject, and then take up more at length the group of ad- 
ventitious minerals. 



Ksaential coMtituetils of modem Plufottie Rocis.^ii is 0^ 
vious thut modern, igneous rucks, altliougli in sume cases de- 
rived from the original matorial of the globe, have proceeded 
to a gtvaX extent from a simple fusion of rocks previooaly 
existing, and especially of the older igneous rocks. In ae- 
cordance with this view, we may with reason infer that the 
trnchytc'8 and porphyrieti, which conttist esHentiAlly of feld- 
spar, have proceeded, in many instances at least, from feld- 
spathic granites ; the basalts and trap from syemteft, horn- 
blende or auntie rocks. 

A theory proposed by Vod Boch supposes that the feld- 
apatbic rocks, aa they are of less specific gravity, are from 
the earliest eruptions, or the more superficial fasings, while 
the heavier basalt has come from greater depths. Darwin 
tbuB accounts for the granites of the surface being inter- 
sected by basaltic dykes ; the latter having originated from 
a deeper sonrce, where their constituents took tl»eir place at 
some fonuer i)eriod, froui their superior gi-avity. It virtually 
places hornblende rocks below feldspathic granites in the in- 
terior structure of our globe. The hj-pothesis is ingeniona^ 
and demands consideration ; but it may nut be time to give 
it om* full confidence. 

But suppiiaing these more modem rocks to have been de- 
rived from the more ancient granitic — what has become of 
the (luju-tz and mica which occur so abundantly in the latter, 
while they are so uncommon in the former I By what cbangei 
have they disappeared 1 

In the fusion produced by internal fires, the elements are 
free to move and enter into any combinations that may be 
favoured by their affinities. If silica, alumina, aiaguesia, 
lime, iron, the alkalies, potash, and soda, were fused togetiter 
— and tliese are the actual conBtitucnts of basalt^ — what re- 
sult might we expect ? From known facts, we should con- 
clude that the silica would combine with the different boaos, 
and these simple silicates would unite into more complex 
compounds. The silicates of alumina and the alkalies or 
lime, form thus one set of compounds, the feldspars : the 
silicates of magnesia and the isomorphous bases, iron and 
lime, another act, to which belong augite, hornblende, ai>d 
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chrysolite ; ami if much iron is present, we niiglit have, with 
the lime anil ulumiua, the mineral epidote. The exjierimcntR 
of Berthier, Mit&cherlich, and Rose, and the facts observed 
amoni^ furnace slags, confirm what is here stated. 

But not tu go buck to a resolution of the fused minerals into 
their clcmei)t«, wc may consider for a moment what changea 
tlie minerals themselves might more directly undergo in the 
proccBs effusion. 

Much of the mien in granite differs from feldspar, in con- 
taining half the amount in ailica in proportion to the bases — 
the bases in each being alumina and potash or soda- The 
change, then, in the conversion of the mica into feldspar, would 
require an addition of silicia, which might be derived from tho 
fipee quai-tz of gi*anite. Other varieties of mica contain mag- 
nesia, which would go towards the formation of Rome mineral 
of the roagnesian series. It in pos.Hible that trachytes and 
porphyry have thus been made from granite ; but trap rocks 
could not have been so derived, as they contain from 10 to 25 
per cent, less of silica. 

Again, hornblende and augitc arc so nearly related, that 
they have been considered by Kose the same mineral, the 
different circumstances attending the cooling giving rise to 
the few peculiarities presented. There can be no difficulty, 
therefore, iu deriving augitre by fusion from hornblende rocks. 
This, moreover, has been actually confirmed by experiment. 

Augite, by giving up half of its silica, and x*eceiving addi- 
tional magnesia in place of its lime, is reduced to chrysolite.* 
The Gehlenitc, nepbeline, anortfaite, and meiouite of Vesu- 
?iu8, contain, like scapolite, only 40 to 45 per cent, of silica 
ftod a large proportion of lime ; and it ia no improbable sup- 
position, judging from the smalt amount of silica, and trom 
the lime pi*e8ent, that scapolite rock, or ratliRr liniestonea 
containing scapolite, may have contributyd in part towards 
the lavas of that region. The ejections of unaltered granu- 
lar limestones, and mauv mineral species |>ertaiiiing to such 
beds, strongly support this view ; and it is no lesa sustained 
by the fact, that in the Veauvian basalts. Labrodorite, which 
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includes lime instead ut' the alkalies, repW'es i^omraon feld- 
spar. Tlie original feldspar seems to have given way to lea- 
dte and LabraJoritc* 

An important source of new combination is found in the 
sea-water which gains access to the tires of voleaiioes. The 
decomposition which takes place eliminates muriatic acid, so 
often detected among volcanic vapour ; but the soda and other 
fixed constituents remain, to enter into combination with 
some of the ingredients iu fu^iion. Is uot this one source of 
the soda forming the soda feldspar, or albite, and of the mu- 
riatic acid and soda in sodalite i Phosphates have been lou^ 
known tooccuroccaHiotiallyin volcanic rocks, iind lately phos- 
phoric acid lia« beeu proved to be generally cummun in small 
quantities. Sea-water is also a very probable source of this 
ingredient, as ha& been shewn by late analyses of the same by 
Dr Jackson. 

These few hiutii ai'e barely suthcient to indicate sumetiung 
of the interest that attaches to this Held of investigation, 
which the future developments of science will probably open 
fully to view. We do not attempt to explain why in these 
modem fusings, mica should not have remained mica, and 
the quartz still free uncombined quartz. The facts prove 
some peculiarity of condition attending the formation of the 
granitic rocks. Of this condition we know nothing certain, 
and can only suggest the common supposition of a higher heat 
and slower cooling, utlending a greater pressui'e and differ- 
ent electrical conditions, and the same circumstances may 
have existcil dunng the granites of different ages. 

With these brief suggestions, I pass to the second division 
of the aubject before us. 

2. Minerafs vccupt/inf/ cavities and seanuf in am^gdaloidai 
trap or bagalt. — These nnneruls have been attributed to a 
variety of sources, and even at the present time there are 
various opinions respecting their origin. According to some 



* Using U for tho ba»6B ind Si for lUiea, Uie fonnula of leucUtt If H Si'i 
tlwt i>f common foljlspar. K Mi " ; tti»t of Lubratlorite. R Hi. Kroiu iJiU, 11 •p* 
p«nr8 that frlil'pni- mt^j htf rrducjnl ta leucile by giving up ona third of it* 
iiilic*, the bntim being the mmn in th« two; Hnd witli this dxc«ct, and other vl- 
lioi I'ombinlng xith ttie lime aX hand, ImbrDd^irite might be formed. 
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writers, they result from the procesft of segregation ; — that 
is, a separation of part of tho material of the containing n>ck 
during ita cooling by the segregating powers of crystalliza- 
tion ; and in illusiratiou of the process we are pointed to the 
many segregations of feldspar, quartz, and mica, in granite 
and otlier rockn, the siliceous nodnleH in many sandstones, 
the pearlstODC'S in trachytes and obsidian. Others have 
thought them foi-eigii pebbles, enclosed at the time the rock 
was formed. Again, they are dcHcrihed as proceeding front 
the vapours which permeated the rock while still liquid, and 
which condensed as the rock cooled, in cavities produced by 
the vapours. By a few it is ui'ged, admitting that the cavitieB 
•re inllations by vapours like those of common lava, that 
tliey may have been tilled eitbcr at the time the rook cooled 
or at some subsequent time, either by crystallization from 
rapouns or from infiltrating fluids, but more generally the 
latter. 

Of these views wc believe the last to accord best with the 
&ctB. MacCulIooh, in his system of Oeolagy, — a work which 
anticipated many of the geological principles that have since 
become popular. — dwells at length on this subject, and sup- 
porta the opinion here adopted with various facts and argu- 
ments. Lyell also admits the same jirinciplea. A review of 
the facts will enubU us to judge of its correctness. 

1. In the hrst place, the cavities occupied by the nodules 
are in every respeet similar to the eommun iiiBations or air- 
bubbles in lava. These eavities are open and unoccupied in 
common lava, and may be no less frequently so in the ejeo- 
tions under water ; and should they not be espeeted to fill in 
some instances by infiltration t They ai'e the very places 
where an infiltrating fitud would deposit its sediment, or col- 
lect and crystallize, if capable of crystallization ; and such in- 
filtrating flolds are known to permeate all rocks, even the 
moat solid, and especially If beneath a body of watei*. It is 
evident, therefore, that wc are supporting no strange or im- 
probable bypothesis. On some volcanic shores one variety 
of the process may be seen m action. The cavities of a lava 
may be detected in the process of being filled with lime from 
ihft sea-water washing over dead shells or coral sand, and at 
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timeH A pcrfoct amy^aloid is formed. But the positions and 
clianu.-t«rH uf the miiitfrals tliemeelves eatabttsh clearly Uie 
view we ftupport. 

2. llie mineml in these cavities sometimes only tills their 
lower half, us if tlpjioHiteil from a sulutinn ; and again, it in- 
crusts the upper half or roof, as if solidified on inftltratdDg 
tiiTQUgh. In the lar^t- geode« of chalcedony, stalactites de- 
pend from above like those of lime from tiie roof of caverns ; 
and, as MacCuUoch states, the stalactite is often found to 
correspond to an inferior stalagmite, the fluid silica having 
dripped to the bottimi, and there become solid ; moreover the 
superior pendent stalactite is sometimes found united with 
the stalap^mite below. The same results ore here obsen-ed 
as with lime stalactites in caverns, and often a similar lami- 
nated or handed structure, the result of deposition in succes- 
sive layers. Such rt-suUs can pi-oceed only from a alow and 
quiet process,— u gradual iutiltratioa of a sulution from above 
into a ready fonned cavity ; they cannot be supposed to arise 
from ascendinjL; vapours, or gaseous emanations from below, 
no more than the stalactite in the limest<jne cavern. 

Another fact is often observed. A geode of quartz crystals, 
sometimes amethystine, — in which every crystal is neatly and 
regularly formed, is found with tlie surface coated over with 
an incrustation ot chalcedony, the part almve hanging in 
small stalactites; and this chalcedonie coat sometimes scarcely 
adheres to the crystals it covers, — or is even loose, and may 
be easily separated. There can scni-ccly be a doubt of a sub- 
sequent infiltration in a case of this nntui'o. 

We might rest our argument here, since tlie fact being as- 
certained with regard to quartz, it is necessarily established 
as a general principle with reference to the zeolites and other 
amygdaloidai minerals : for quartz or chalcedony, when pre- 
sent in these cavities, is, with rare exceptions, the tower or 
oufer mmeral. We find zuolites implantetl on cjuartz, but 
very seldom quartz on zeolites. I have met with no instance 
of the lattov, while the former is the usual mode of occurrence. 
Any deduction, therefore, respecting quartz, holds equally 
for the associated minerals. 

How a cavity coated with a deposit of chalcedony can still 
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be afterwards filled up with other minerals, has been deemed 
n iiiiyBt«ry in Bcienoe, but the poaaibUity of it is now not 
doubted. Even Eini and agate, vlh MjieCulh)ch states, are 
koowD to jpve p»88age tu uil and sulphuric add ; and much 
more will this take plticc in the luoiat rocks before the agate 
has been hardened by expuuure tu the air. Silit^a remains in 
a gelatinous Htatc ^br a lon^ period utter depositioQ, and in 
this condition is readily penneable by t^olutions- It is not 
necessary that the fluid which has at'ted the part, of a solvent 
and filled the cavity, should yield place to another portion of 
fluid ; for the process of crystallization having comnionced, a 
new portion of the material is constantly drawn into the 
same fluid, and the neccHsary clifmical charifies are also pro- 
moted by the inductive inHiienee of the changes in progress 
— the catalytic action as it is called — one of the most etB- 
cient-T and at the same time one of the moHt universal, agen- 
cies in nature. 

Other evidence with refei'ence to amygdaluidal minerals is 
presented by the zeolites themselves. 

3. The zeolites occupy veins or scams as well as cavities. 
Often the scams were opened by the contraction of the cool- 
ing rock, and at other times they were of more recent origin. 
In either case the mineralis filling these seams mu«(t bo sub- 
sequent in ttmnation to the origin of the rock itself, and could 
not have proceeded from vapours attending the eruption. 
These seams soractiines open upward, and can he seen to have 
no connection with the parts below, the rock in this portion 
being solid. Origin from above or from either aide, is the 
only supposition in such cases. 

Messrs Jackson and Alger, in their valuable niemoi]' on the 
Geology of Nova Scotia, mention tlie occurrence of crystals 
of analcime attached to the extremity of a filament of copper, 
the copper having been the nucleus about which the solution 
crystallized, and state that their formation muHt have been 
subsequent to the formation of the rock. 

4. Zeolites, moreover, have been found t'onning stalactites 
in basaltic caverns, as was observed by the writer in sume of 
the Pacific islands; and Dr Thomson has described and ana- 
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lyxed one (Antrimoliie) from Antrim in Ireland, near the 
tiiiut's CauaewHy. 

Tbcse fnc-U favuiir thi*uuf^huut the view we tirge, t;hai the 
wnygdaloidii] mineraU have in general resulted from infiltra- 
tion, and were not necesearily formed siraultaneonitly witli 
the eruptod rock. 

b. Wc remark farther, that no lavas liaveever been shewn 
to contain, at the time uf ejection, any of the zcolitic mine- 
rals. The Keolites uf VesuTiuH are known to occur only in 
the older lavas, aud afford no evidence against our position. 
The cnvitit'B in lavas, as far as obsorred, ai'C empty as they 
come from tiie volranic firea« with the exception of those 
containing ttpnriiigly nuuie metallii: ureH which are condensed 
williin them. L'unsidermg the fusibility uf tlie zeolites and 
tlieir ea»y destruction by heat and by volcanic gases, sulphu- 
reous and muriatic, we ahuuld, a privri, i&y that they could 
not be formed under such circumstances. 

6. Besides, as we have stated, none of the proper consti- 
tuentR of trap or biiaalt— or the minerals disseminated 
through these rocks, ^-contain water. They are all anhy- 
drous. The minerals fonned accidentally in furnaces are 
anhydrous. The constituents of granite, syenite and por- 
phyry ai*o all anhydrous. It ia only those minerals which 
are found in geodes or seams that contain water. Of equal 
importance is the tact, that none uf the essential constituents 
of thcKe rocks have ever been found in the^e geodes or cavi- 
ties along with the zeolites, as might have been the case had 
they been formed together, by segregation or otherwise. 
Neither feldspar, although so abundant, nor augite. nor chry- 
solite, have Ix'en found filling, like zeolites, or with them, the 
cavities of amygdaloid. There is, then, a wide distinction be- 
tween anhydrous constituents of these rocks, and the hydrous 
Kcolitic minerals. 

A few zeolites have been found in giiuiite or gtieias, but 
tliey are so disseminated that they tan be ahewii to be of 
more modem origin than the rock, aud to have resulted from 
some decompositions of true granitic minerals. They differ 
entirely in tlieir mode of distribution from the feldspar, gar- 
net. &c., of granite. Along with a decomjwsing feldspar, it 
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is not unuHual to find stilbite ia the cavities formed by the 
decumposiiion. 

ZeoUtes al^i have been fmmd disseminated throngh the 
texture of basalt, clinkstone. Sic., like the feldspar, nngite, 
&c. But the proportion varies widely, and in some parts of 
the Aame bed they are foimd tu be wanting; so that we have 
sufficient reason for classing these disseminated zeolites with 
those in the cavities, as formed or introduced by inftltratiou. 



ProceediHffs of the Royal Society of Edinbttrgh. 

Monday, 2d March 1846. 

Sir Thomas M. Bkisoane, Bart., President, iu the Chair. 
The following Communications were read : — 

I. On the recent Scottish Madrepores, with Remarks on the 
Climatic Character of the Extinct HaceR. By the Rev. 
I>r Fleming. 

The author, in this communiu&tioii, refurred, in the fimt ittfitanoe, 
to the three species of LaniclUferous Poiyparia, described in his 
'* Britiiib Aimuals," Ediii., 1028, axUibiting s]itfcinn;ns of tbe Caryo- 
pkytlea cyathus, and Turbinolia borealin ut" that work, togolher with 
a aharacteriiHtic drawing, by the late Mrs Ilibbprt, of tlie PodUopora 
interstineta, there alluded to as a native of the Zptlami seas. He 
then eshibited a fipeciiiK-n, six poiind-^ in weiglit. of the Madrepora 
proli/cra of MiilU'r. whicli wa« I'tiund last smiuiiBr by fishermon, 
their lines having beuuniu entaiiglod with it, iit the aea between the 
islands of Hum and Kgg. Tliis specios wits kiiui^'ii tu Puntoppidan, 
u a native of the Norwegian xeas^ and is now afiuertained to be a 
native of thu Hvbridi?)?. 

The authur next exhibited speviniuiis of tha Turbinolia KCpidta of 
the crag, together with a new and recent species from the Caps of 
Good Hope. In conolufiion, the authur observed, that while, from 
an acqtiainianco with the habits of a few i7id''-mduuh, wa could safely 
speculate respepting the gougraphical ami [diysical distribution of a 
species.wecaiiiiyt.froin our arqimiri(jinuewith the historj' of one itpeei«i 
of a genua, predicate with any confidence respecting tha character of 
other species of the same genus. Thu)«, theru are species of Madre- 
pores natives of tropical na&s, and thei'e are species iiatt't'ei) of the 
North seas. After ilUistTating his views by a ret'oi-unco to the species 
of the genera fios and El^phaa, the author closeil his obstrvations by 
staling, that the evidence, proving the climate, during thci dtposition 
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of the mountain linifleUme, to hrnvB been wainner tlisn at prewnti k 
dtirived iVuin its cooiained orj^aic remains, was del'Mtive. mdca dke 
organisois compared did not boloi^ (o individttaU of the sania Kpeciei, 
but to gpr^ea of similar genera, 

2. On tbe prtnciple of Vital Affinity, us illuatrated by recent 

Observations in Organic Chemistry. Part I. By Dr 
AUsou. Published in the present Number of tbc Kdio- 
burgh New Philosophical Journal. 

Monday, 16/A Mttrch 1S46. 
Thu Right iU>v. Bisuoi* TERiioT.Vico-i^aident, in the Chair. 
The following CommunicationH were read: — 

1. On the Personal Nomenclature of the Romans, with an 
especial reference to the Nomen of Caius Verres. By 
the Rev. J. W. iJonuliUon, Author of the New CratyloB. 
Communicated by Bishop Terrot. 

3. On the appearance of the Great Comet of 1S43, at the 

Cape of Good Hope, with illustrative Drawings. By 
Professor C. P. Smyth. Communicated by the Secre- 
tary. 

S. On tim Existence of Fluorine in the Bones from Arthur's 
Seat. By Dr G. Wilson. 

4. On the Composition of the Bones from Arthur's Seat. By 

Dr Christisou. 

Tho author found that the bones of animals lately disinterred in 
the course of tlie new djive, contained \ of the quatilily of gelatine 
oonimon in recent bones. 

Monday, Ofh ^pril 1846. 
Sir Thomas M. Bkisbane, Bart, President, in the Chair. 

Tho following CoinmunicatioTis were read : — 

1. On tlie Description of Oval Curves, and those having a 
plurality of Foci. By Mr Clerk Maxwell junior; with 
Remarks by Professor Forbes. Communicated by Pro- 
fessor Forbes. 

2- On tho Influence of Contractions of Muscles on the Circu- 
lation of the Blood. By Dr Wardrop. 

In thi." paper, Dr Wanlrope states that he han endHiroured lo 
shew, by a M:ri«» uf obitervations and experimontj^, Chat the muscles. 
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besides being the actire orgam of motion, perform, hy their contrmc- 
tions, an import-ant office in tJie circulation of the arterial as well as 
renouB Mood ; an office which has not hitherto been described by 
physiologists, but which appears to be capable of oxplaining soTcral 
interesting phenouit'iia in the liTing body, of which uo tjatlufactory 
account has yet been givea. 

3. On the Solubility of Fluoride of Calctum in Water, and 
the relation of this property to the occurrence of that 
Substauce in Minerals, and in recent and Fosail Plants 
and Animals. By Dr G. Wilson. 

After a preliminary referenne to the exi^^rence of fluorine in recent 
and fossil bones, Dr Wilson stated that he had made a series of ex- 
periments with a view to discuvor what bolveiit i;arritJ fluoride of 
calcium into the tinsues of plantij and anirn.xbi. His Bret trials were 
made with carbonic acid, which wae pai^&ed in a cun'ent through 
water containing pure fluor-spar in flnc powder fuepeuded in it. The 
fluor was by this treatment dissolveil, yielding a solution wbich pre- 
cipitated oxalate of ammonia, and when eraporated left n rcsiduo 
which, on being heated witli sulpburie acid, gave off bydruHuoric acid. 

The author was, in cunsequt-nce, inclined to suppose chat carbonic 
aeid conferred upon water tlie powei' of diaBoking fluoride i^t' calcium. 
But on observing rhat, long after tlu* wIiciLb of that gas had been ex- 
pollod hy warming the liquid, the latter remained untroubled, he be- 
came satiaHed that water alenc can disuulve ituoride of calcium, con- 
trary to the universal statomcut of writera on chemistry. 

On prosecuting the inquiry, he foLnd that water at 212° dissolved 
more of the fliior than water at (H}", but ho has not yet a^cortained 
the proportion taken up by^ that liq^uid at eithi^r tcnjpei"ature. 

The aqueous solution of ttuorldo of calcium waa found to give, with 
salts of baryta^ a precipitate which required a large addition of hy- 
drochloric or nitric acid to redissolve it. The author pointed out 
the difficulty which must in oonRcquence occur, in diHtinguibhing be- 
tween dissolved fluoride and sutphateR, and suggestcl that fliiurides 
may have been mi^lukm for sulphates in tht; analysis uf nuneral 
water. 

He referred alHii to the objection which must now He against the 
present method of determining the quantity of fluorine proseiit in 
bodies, consisting, as it does, in converting that elenieiit into fluoride 
of calcium, which, in the course of the nocessary analytical opera- 
tiooij, is wu-jlicd freely, and mu-st be sensibly diniJnislied in quantity; 
a fact which has of necessity been hitherto overlooked. Dr WiUon 
stated that he wa<i not yet able to suggest an unexceptionable quan- 
titative process ; but that the fluoride of barium, being much less 
soluble than the fluoride of cntcium, might, in the meanwhile, be sub- 
stituted for it in the estimation of fluoHtie. 
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Tim auilKtr prooeodod U> slate, that, in oonsequeriee of tlie oba»r- 
valiunB Ue hwl made so u> the iMlubilitjr of fluoride of caJciiini in 
water, ho bad b«en Led to look fur tliat body in natural waters, and 
had found it in one of the wells of Edinburgh, namely, in that sup- 
plying the biTwery of Mr (Tampbell in the ("^jvvgate, behind Minto 
HoUKe. At the same time^ he stated that preceding observers had 
already found it in other waters. Jlu believed, however, that he 
■raa the first to detect it in eea-wator. where, by UKing the bittern or 
mother-liquor of the salt-pans in which water from the Frith of Korth 
is araporat*^, hi^ had found it present in mo-st notable quantity. The 
author referred to the pre^enoe of fluorine in sea-water, ns adding an- 
ti'ther link to tlio chain of observed analogies between that body and 
chlorine, iodine, and bromine. 

Dr Wilson further stated, that he had confirmed the observationa 
ftf Will, as to the presence of fluorine in plants, and Berzelius' din- 
eovery that fluorine exi-six in the r<ecretion from the kidneys; and 
had, in addition, detected fluorine in the blood and niiik, in neither 
of which hiuf it buun hitherto suspecteU to oixur. The paper was 
ooududtid by i^ume observations on the preseiKM uf fluorine in rossila, 
and its relations to animal life. 

Monday 20M April 1846. 
Tlie Right Rev. Bianop TERROT.Vice-Pi-eaident, in the Chair. 
The following cummunicationa were read : — 

1. On the CoDstitution ami Pi-operties of Picoline, a new or- 
ganic bane from Coal-Tar. By Dr T. Anderson. In- 
serted in the present Niimber of the Edinburgh New 
Philosophical Journal. 

2. Notice of Polished and Mtriated Rocks recently discovered 
on Arthur Seat, and in some other places near Kdin- 
burgh. By David Milne, Esq. 

Mr Milne stated, that, in the gully situated between Arthur Seat 
and Sampson's lUbs, a great extent of rock had been recently ex- 
posed (by the removal of clay and other superficial deposits) which 
was fuiiud to bo binuuthed as well as furrowed or scratched. 

The gully is about 30 feet wide, at the lowest lerel to which it 
has been holtowt-d out, aud at one part, both of its sides are composed 
of these smtwthfed furrowed rocks ; but, tii general, it is only on one 
Hide, viz., that next to Arthtir Seat, tliat ruck exists. There, the 
appearances of stnootbing and nitting extend for about 80 yards. 

The gully runs about NW, and SE. by compass. The highest 
point in it is ncax the nortli end. At both ends it is open and 
sinks to a leysl with Uie adjoining levol country. The gully is 
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about 200 feet abore the l«v«l ol^ £>uiI(ltng8ion Locb, and 400 fmt 
above tliu H*a. Arttiur S«at fonus on the east aide of it a pnoi 
touA cliff of ^x»iit 260 feet. 

The walls of Oie gull/ consist (so far as yet exposed, in the for- 
Diatiun of the Vietorta ruad). for about 5 ff>^t upwards, of vtirtic^ 
rocL. 

This rock towards the north end of the gulljr is a compact por- 
phyry; towardit the south end, of friable porphyry. At the north end 
the polishinf^ haA been greatORt. 

Tlic sci-atcties are ia ^«>neral nearly horizontal ; a few ili^ up- 
wards to tlte south ; these aj-e at the north end of (he gully, wl 
ic in narrowest. 

The longest ecratches are about 6 feet long, from i to ( inch 
deep and an inch wide. 

There are. especially towards the south end of the gully, many 
ipot«r of a few indies square, where then; han been neither polishing 
nor scratching. ThciM all face towards the Kouth. 

The deponit immediately above tboae roclcs, and which has com- 
plotely Blled up the gnlly, ia a brown tenaciouti clay, full of Liould«ni 
of all sizes. The bonldertt consist of traps (some of them of rock not 
exittting in the neighbourhood) and iiediniciit&ry rocks. Whibt th(.-re 
are Kandstone frugnicnkj, which are very Himilar to tliusH on Salisbury 
Cr^, there are limestones, supposed not to exist nearer than Fife. 

This Itoulder clay is not m tenacious a.^ the blackish-blue boulder 
clay generally prevalent in the Lotiilans. U. however, resembles in 
all respects a deposit of the same kind, cxi.sttnj;; at the foot of Samp- 
•on'fl Htbs, which Is about 160 feet below the level of the gully. 

Above the boulder clay in the gutly there is a mass of debris, d»- 
rired apparently from the crumbling of tho rneks above on the face 
of Arthur Seat. Throe Rpecies of marine shells have been found in 
tliis iiiasf) ; but, as human hones and llonmu remuini! have also 
been discovered in it, the probability i^, that these shells have been 
brought by human hands. 

In the cntlings for the North British Railw:iy, between Arthur 
Seat and Musselburgh, the upper sides of the largo boulders nro ge- 
nerally found suiootlicd aiitl scratched, The scratcliee seem to be from 
N W. to "WJCW. by couipa&s. On so^me of tlie boulders there are in- 
dications of more recent scratchefi running W. J S. by compass. 

The boulders in the railway oottings between Haddington and 
Dunbar exhibit scratches running from N\V. to WNW. 

The opinion formed by the author on those data was, — 

(l.J That the agent which had polished and scratched the rocks 
on Arthur Seat, was the same as that which had polished and 
scratched the boulders. 

(2.) That it had acted from the north-westward over a large and 
low diatrict of country. 

(3.) That the polishing and scratching had bMn effeotad by tha 
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gravel and angular blocks existing in the iHiuldfli* clay and diluvtalJ 
gravel. 

(4.) Tb&t there had been rushes of water along the couutiy, 
which bor* along the mud, sand, gravel, and boulders now spread- 
over the country, and which, in paiisiog over the rack» and large: 
boulders, sniootlied and rutted them. 

(6.) That, at l\\u period and subsequently, water muot Imvestood, 
in a comparatirtjty ti-anqnil state, above the level of Sanipson'h Ribs, 
to account for tlie bedi^ of sand existing on the south ^ide uf ArClmri 
Seat, and at a level ut'20D feet ubuvu Dudding^tun Luch. 

(6.) That the outline or configuration of the district, thus sub- 
merged, could not have been materially difTerant from what it now 
presents. 

3. Ho8ults of the Makeratoun Observations, No. II. On the 
Relation of the Variations of the Vertical Compouent 
of the Earth's Magnetic Intensity to the Kolar and Lu- 
nar Periods. By J. Allan Broun, Eaq. C<nntnunicated 
by General Sir T. M. Brisbane, Bart 



Lht of PatefUs granted for Scotland from 23i/ March to 
22d June \%\Q. 

1. To Julius Aoor.pn Detmold. of the city of London, merchant, 
be'ui^ a cominaiiicatLon from ubroad, " improTomBatB in the means of 
applying steam tut a motive power." — &3d March lBi6. 

2. 'I'o Alexandbb Bain, of IJaiiover Street, Kdinburgh, engineer, "im- 
proveiaent3 in electric clucks and tekgrapii«, purta of which impruvemanta 
ate applicable to othi^r purjioses." — 25l!i Manih 1^40. 

3. To Jamks Ivers, of Preston, in the county of Lancaster, machine- 
maker, ■' certain improvements in machinery, or apparatus for preparing, 
roving, and clubbing cotton, wool, and other flbroud substanoeft." — IVMV 
Marcli 1646. 

4. To Jamks Stokoe, of Newton, in the puuiity of Norllmmberland, 
mill-WTight, " improvements in purifring the vapours arising I'rom smelt- 
ing, and other furnaces, and in recovering therefrom the useful mattors 
which may he intermixed therewith." — 2d April !S+6. 

5. To William Matmkr and Colin Matjif.k. of Sulford, in the county 
of Lunrsaster, engineers. " certain improvements in boring earth, stune, 
And subterraneous nmtters, and in the niacbinery, tools or apparatus ap- 
plicable to the game." — 2(1 April 1846. 

0. To Charles Cowan, paper manufacturer at ValleyfieH, near Peni- 
cuick, in the county of Ediitburgli, '" improvoitieiils in the nianufaeture of 
paper, millboard, and other similar substances," which is partly his own 
invention, and |>artly the invention of a foroigiiier. — 3d April 1846. 

7. To Qrorob Damikl Uishopp, of PadiUngtou, in the county of Mid- 
dlesex, ciTtl-engineer, " improreinents in certain engines or modiinss 
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med for obtuiuing mechanical power, uid for niiBing and impeUiDg 

BBids." — 6th AprU 1846. 
8. To Hesht Smith, of Liverpool, engineer, "improTomeuts in tlio 
lufactitra of wheels for railways, and in «priiif!:fl for railway and 
carriages, and in axle guards for railway curriage»." — 6th April 

To WilLiAM tTsBWoRTH of Derby, silk manufacturer, " oertaia im- 

leats in looms for weaving," — 7't April 16-tti. 

LO. To PiKRBE Akuand Lecumtb ue Fostaim:«obeau, of Skinner's 

Size Lane, in the city of Lnndon, hoing a communication from 

id. " certain imppovcments in apporatufi for raising and su{i[iorting 

rasselE and other floating or sunken bodies, and its application for tho 

letter prevention of life and property." — Sth April 1846. 

n. To IIentit Majjdetille MK,\np, of tbo city of New York, in the 
United States of America, gentlemim, beingaconimuiiieatiun from abroad, 
" iiaproveinents iu distilling from ludiau oom and olher grain." — 9tli 
April 1646. 

12. To Henky M4in)Bnt.LTi Mbadb, of the city of New York, in the 
Cuted States of Amarica. gentleman, being a communication from abroad, 
"improvements in the Dinnufucture of bivad." — 9tb April 1.''46. 

13. To Benjami>i Fotiif.ro ill, of Manchoster, in tho county of Lan- 
caster, niochinc-maker, " JiaprovLmcnts in certain parla of mnchincry 
used in the preparation for spinning, and in the spinning and doubling of 
ooltou, wool, and other fibrous substances." — 0th April 1846. 

14. Joijx RoBKBT JoMNftON, of Alfred Place, BlacJdViars, in the 
county of StuToy, chemist, " improvemt^nts in purilying gas, and in tho 
treatment of proiIuL-ts of gas-works.". — 9th April 1B4C. 

15. Recbes Goodale Faibbasks, of Cecil Street, in tho county of 
Middlesex, civil- enginMr, being u roiiimmiicatinn from abroad, " certain 
improvijtuents in machinery or apparatus for making moulding or maiiu- 
facturing bric^ks, iilea, and other articles from earthy or plaslii!! materials," 
— ISth AprU 1846. 

16. Alexandf.r Alliott, of Lenton, in the county of Nottingbam, 
"certain improvements in the rotatory machines employed for drying 
and otJier purjiose^ rcfiuiring the applioation of centrifugal fores." — 14th 
April 184G. 

17. John Axxsiib, of Alpcrton, in the county of Middlesex, brick and 
Ule manufacturer, " ccrtaLu imjirovements in the arrangements for the 
manufacture of bricks, tiles, and other similar articles from clay aud 
other pln«ttti Buhstances, and in machinery or apparatus for the manofoo- 
tare of bricks.'" — 14th April 1846. 

18. James Lami>'o, of Mark Lane, in tho city of London, merchant, 
being a communication from nbraitd, *' inLprovementa in making the 
cyanides, and ferrocyanides, of potassium and sodium." — Idtb April 
1846. 

K 19. James ALLt^ouAH, of Publin, in the kingdom of Irolund, gontle- 

I man, and James M'UAirLer, of the city of Dublin aforesaid, clerk, " oer- 

■ lain improvements in gteam-engjiica." — 16th April 1846. 

I 20. JoHK Lakk, of Apeley, in the county of Hertford, ciTil engineer, 

I " certain improvements iu propelling.''- — IGth April tS46. 

I Jitl. Samttkl Hkseitinc junior, of Bromley, in the county of Middlo- 

H MX. ciril-engincer. being a comjauiiication from abroad, " improvements 
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in maehinery or apfnratoB for dreMmg stotws for griBduig com, grta, 
and other substauw*." — 17th April 1846. 

22. William Matrkr, o( Sallurt]. noar Manchester, in the cwmtyiiS 
Lancoster, nod Colik Matrcb. of Ihe eame place, tnillwright^ and en- 
gUteem, ** improremcnl^ in metallic pintonB."— 2lBt April lH-iG. 

33. Edol'abu Auol-ste Dkhibe QciaiARo, nf iCiie den Jl-iiucuts, 
Paris, in tint kingdom of Francv. ** im}nwenieiitB in jfrinting calico and 
olbor fabric!,"— 21at April 1846. 

S4, UevNcr Wuddcoopts, extension of a patent for the period of ttx 
jean, of " certain improvements in the csonntmction and adnplation of a 
reToIring apiml puddle for propoUtng boats and other ressela in wat«r." 
— 2l»t April lS4fi. 

2o. William Ecclrs, of BlacVbum, in tbe counlr of Lancastor, 
power-loom maniifadttirer, William Crook, of lAvotoy. hand-ioom 
wearer, and Willia.m LANCAi«TRR, of Blockbom, in the county of Laa- 
eaater, power-loom weaver, " uertain improvements in loonji for waav- 
ing."— 24th April 1H46. 

30. John BAitsiiAU, of Long Melford, ia tbe coiuat^ of SuSblk, niaim- 
faoturer of bitumen. " iraprovemonts in tho raanufoeture of niattrcwet, 
ciiHhtoiiii, brushes, and bruoms, and in mocbinenr fur preparing certain 
materials appUcable to such purposps," — 37th Ai»ril 1840. 

27. Jous No'tx, i>f the city of York, gentleman, *' certain improra- 
monts in the meana of camninnieating intalligenoe Itocd oho pljuo to 
auotbcr." — 29th April 1846. 

3H, W^iLLi-iM Fbice Strutte, of Swansea, olvil-engineer, "improve- 
ments in ventilating mines." — 29th April 1846. 

29. .IrnAN Van Cost, of Genbrugg(\ near Ghent, but novr of Osna- 
blirg Street, Regent's Park, in the county of Middlesex, gentleman, " im- 
provements in treatmg seed, and in preparing iimteriaU iiaed for ftrd- 
iiaing land, and for aiding regetation." — 'JiHh April 1646. 

30. Qeokob Hinton Bovill, of MillwcU. aiid Robebt Obitfitus, of 
Havre, in the Kingdom of Franco, engineers, " improrementa in aj^' 
ratwH applif^able to the workingof atmo&pLerie and o^er railways, canals, 
and minen, and improTemonts in transmitting gaa for tbe porpose of 
lighting nulways and othor places.''— 29th April ItiG. 

31. Pi:'ri:n CAUMictiAtx, manager for Baxter Brothers and C<Mnpaiiy, 
flax-Bpinners and linen manutkcturers in Dundee, " improvemcnta in 
hackling or dressing fiuz, hemp, and other fibrous stibBlances. and im- 
proreraentfi in machinery for rubbing, stretching, and equalising the 
breadth of cloth made from Itax, hemp, jute, and other fibrous sab- 
•tanoes,"" — filh Hay 1846. 

33. John Lloyp Bullock, of Conduit Street, Hanovar Square, 
chemist, being a communicntion from obroad. " iraprovcmenla in the 
manufacture of (juinine."— 6th May 1846. 

33. John Blttu, of St Anno Limebouse, in the county of MiddloMX, 
" an improved mode of cioalng the orifices of bottles OiT other reaafllsaf- 
plicablu lo inkholders."' — 7lb May 1846. 

34. Saul-rl Cunliffb Lister, of ManningbaiD, near Bradford, in tbe 
county of YorV, gentlemoji, '' improvements lil carding and combing 
wool."— 11th May 1846. 

3A. To ALRXAKnr.B Parkrs, of Birmingham, in the ouunty of Warwick, 
artist. " imprOTementji in the preparation of certain vegetable and animal 
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nbstances. and in certain combinations or tlie Huue aubataacet aloiie or 
witli other maHew." 1 1th May 1?46. 

36. To PiKRKP. Armand lb Comtk «e Fom-AixeMosrjio, of No. 13 

New Broad Street, in the city of London, being a ffflmmnnicalion from 
abroad, " an imjirovod modu of constructing certain parts of the harness 
of horses and other bcaata of bnrden." — 11th Maj 1n46. 

37. Thohas Hamock, of Stoke, Newington, in the coontr of Aliddle- 
•ei, Esqnire, " improvements in tlic manufacturing and treating of articJea 
made of caoulchout:, eiUicr alunc or iii combinatioii with other aubntannos, 
and in tlw meank used or employed in their niaiiufocturo." — 12th May 
1846. 

38. To Wtluak GAaifRT Ta\lob, of HiilUwell. in Ihe coonty of 
LuKiist«r, cotton-Kpinner, and William Taylor, of HalHvell aforesaid, 
labourer, " iuiprovemenfa in consuming smolce and euonomiaiag fuel." — 
13th :Hay 184fi. 

39. To Brtan Domkim. of the Paragon, Nev Kent Head, in the count; 
of Surrey, civil-enginetT, " improvements on wlieeU as iipplicable to rall- 
w»y carriages, and on the meehanicnl contrivances by which railway car- 
riages are mode tu crons from one line i>f rail* on to another line, or on 
to what arc generally oaUed sidings." — 14th May 1846. 

40. To Fbedebick Harlow, oF Pariidi&e Strcel, Rothoxhithe. in the 
oounly of Siifi^y, cari>enter, *' iiniiravL-manta in atniuspheric railways." 
—20th May 1846. 

41. To Jean JoeePH Ernest BARsnBLL.of Rue, StJaoqoe'e, it3 tliecitj 
of Paris, in the kingdom of Fnince, chemist, " impro%-ement in working 
of certain salphurets to tronsronn thC'ta into melala or oxides, and to 
ooltect the latter, al80 to collect the oxides from oxidized ores equivalent 
to thetw salphorets." — 20tb May I84fi. 

42. To Oeobqe Hinton Bovill, of MiUwall, in the county of Middle- 
sex, engineer, being u coniDiunicBlion from itbroad, " iraprovenients in 
raanafacluring wheat end other groin into meal and flour." — 25th May 
1846. 

43. To William Lokgsiiaw, of Manchester, in the county of Laccaslor, 
ootton- spinner, *' certain improvements in juaciluncry or apparatus for 
spinning and doubling cotton and othor fibroua substaneea." — 27th May 
1846. 

44. To Ceoeok DnscAv, engineer, Edinburgh, "an improved method 
of nmlting comfits, confeotionar)-. loKengos, and all description of pan 
goods, the machinery and apparatus for the manufacture of the same, or 
for any other article to which the said apparatus or machinery may be 
made applicable." — 2&th May 1346. 

45. To Geouok Lowe, furnierly of IJrlck Lane, Old Street, in the 
county of Middlesex, but now of Finabury Circus, in the said county, 
civil-engineer, extc^moit for Jim years, " for increasing the illuminating 
power of such coal-gas as is usually produced in gas-works ; also for con- 
verting the refuse products from the raanufaoture of cual-gae into an 
article of commence not heretofore produced thereftom ; and aUo of a new 
mode of conducting the process of ooudensation in the manufacture of gas 
for illumination." — 2d June 1840, 

46. To John Webster Hale, of Filzroy Scpiare, in the county of 
'Mjdiflflsox. gentleman, being a communication from abroad, " improve- 
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meat* in mtehinerf for clearing or fVeeing wool and certain other fibrunt 
mmteriils of bum and other extraneous iubstances." — 4tb June 1546. 

47. To Nathan Drpriks, of Saint Martin's Lane, in tlie coimtj of 
Middlesex, onginoer, " Lmprorcmests in gas-meters." — 411i Jane 1^46. 

4S. To Stei'iirn R. Parkuurst, of liiverpool, in Ihe couuty of Lan* 
cuter, machinist, •* a method of propelling vessels."- — 4th June 1 S46. 

49. To MosKs Pool, of tho Patt'iit Office, London, gentleman, being* 
communication from abroad, " improrementa in making fabric* froia 
fibrous materials." — 4th Juno 1S46. 

50. To JoHK Webster Cochran, of Paris, in the kincdom of France, 
engineer, " certnin improvements in mikchiner^ for cutting and shaping 
wood for iihip-building and other purposes." — 12th June 1846, 

51. To Jon>' FoiiRKsTER, shawl-WBaher, in the town of Paialey, and 
oonnty of Renfrew, in that part of fireat Hrttain called Scotland, " cer- 
tain improvements in mueliinery for fulling cloth manufactured of irool, 
cotton, sillt, and other fihrous maleriali*." — I6th June JS40. 

52. To Beknet WooncRorp, of Manchester, in the ooimty of Lancaster, 
conaulliiig engineer, " an improved mode of printing oertiiiu colours ob 
calico and other Cabrica." — lath June 1846. 

53. To Ruiit:uT R^ybubm, of Browu Street, Glasgow, chenust, *' im- 
proToraKiits in making extracts from animal and vegetable subetanoes." 
— ISth June 184S. 

54. Til Wii-UAM SriBY, of Cnrrington, in tie county of Xottingham, 
engineer, " improvements in tbu cn>nstruc.'tiou of furnaces used for heating 
wator and other fluids." — ISth June IS46. 

55. Francois Staki l.vs Msldo:* db Sdssex, of MilLwall, in the countj 
of Middlesex, manufnctoring chemist, " improvements in the raaaufiurtarO 
of soda potash." — Ibth June lfl46. 

5B, Thomas Jones, of Salford, in the county of Lancaster, muchino- 
maker, " certain improrements in machinery or apparatus for preparing, 
sluhbiug and roving cotton, wool, and other fibrous material." — 22d June 
1846. 
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On the Site of the Ancient Citif of the Aurunet, and on the VoT- 
can'tc Phenomena nrhieh it exhibits ; tsiih some liemarks on 
Craters of Eieration, on the DintincUonn Vetrv^en Plutonic 
and Volcatiic Rockg, and on the Theories of Volcanic Action 
mhich are at present most in rejmte. With Two Platen. By 
Charles Baubeny, MJ).,F.Il.S., Professor of Chemistry 
and Botany in the University of Oxford. Communicated bj 
the Author. • 

The lively interest, which, of all classes perhaps of physi- 
cal phenomeisa, the operations of a volcano are best calculated 
to inspire, has been my principal motive for undertaking 
three journeys, at intervals of nearly ten years apart, to tho 
south of Italy ; on my return from each of which, I felt it a 
matter no less of duty than of inclination^ to communicate 
some account q^ what T }iad observed to such members of 
my own UniTcraity as felt any curiosity iu researches of this 
description. 

Accordingly, soon after I came back from my first visit to 
Italy in 1824, I submitted my vieivs with respect to the ge- 
neral nature and originof volcanoes, in aomelectures delivered 
in this place, which have been incorporated in a work after- 
warda published by me, but for some time jiast out of print-t 

In these lectures I maintained, by an appeal, more parti- 
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VOL. XLI. MO. LSSXII,— OCTOBER 1846. « 
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cularly, t<i the operatious uow proceeding ftbout Vesuvius, m 
Sicilv, and in tho Lipari Islands, that hypothesis wliich wa* 
Brst propounded by Sir H. Davy, but which, towards the close 
of hiB life, thai gi'Cttt chemist^ like an unnalurai parent, &jf- 
peai*s to have cast oHide. 

And although Dr John Davy, in the Life he has publiBhed 
of his brother, has taken me nither severely to task, for ven- 
turing to suggest, that this cruel abandonment of hit otcn pro- 
ifentf was, on the part of Sir Humphrey, a matter of taste, 
ratlier than of deliberate judgment, a« thoiigh I had almost 
impeached hia moral conduct by attributing to him Bueh a ■ 
change of sentiraent on a scientific question,* yet I am still 
prepared to contend, that, inasmuch as this illustrious philo- 
sopher, at the very time when he avowed his preference for 
a rival theory, acknowledged that the one he bad orig^inally 
advocated was adequate to account for all the phenomena 
Tvhich arc known to accompany a volcanic eruptiun,! the opin- 
ion he expressed is not entitled quite to the same deference 
which it would otherwise command, nor to be regarded of 
Bufficieiit weight to bias us against the reception of the evi- 
dence which may be offered in support of Uiat hypothesis 
which I have ventured to espouse. 

In my first visit, then, to Naples, my attention was almost 
exclusively directed, as that of mast travellers is, to th 
operations of the active, or semi-active volcanoes round about 
this Capital ; but on my second, I extended my examinatioD 
to an extinct one in Apulia, situated near the eastern decli- 
vity of the Apennines, and bearing, as it would seem, the 
same rplntion to the Adriatic, which Vesuvius does to the 
Mediterranean. 

This volcano, known to the ancients as tlie Mount Vuliui 
a name which it still retains, presei*ves to the present da; 



• So« [Jnvj's Life, vol. U., pp. 12i, 5. 

t Phil, Trnns. for 1823, |t. 2.50. " Anuming the hj^iothpou of the t>xutenc« 
of such alloyti uf lh« mctalfi of the Mrtin m mny burn into tuvn in llio interior, 
tbv whole pbcnoiDVDB nmy be vcwity oxpla.itkpit from tbo nction uf tito wiktrrot' 
the eea ami nir upon tboBo mctati: aov in tbi.'i-e uny fact in nny of thn circum 
■lanfM which 1 tnivo tnontiotifil iii thiv jin.-ceiling |»iirt of Uii« pRpOTiWliich 
uul ho vvuXy rxjilninotl Kccurtling to tbU b^puthosiii,'' 
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iiTi impaired the form aa well aa the structure uf Dmiie por- 
tions of Uie earth's surface which have been once the theatre 
uf igneous operations ; the medium of comniurtication, as it 
were, between the atmosphere and the interior of the globe. 

Yet no manifestations of activity are recorded as having 
been exhibited by it during those periods of Koniaa hiatoi*}' 
when such phenomena would have excited attention. 

On the coch-ary, it appears, from tlie testimony of Horace, 
to have presented then the same luxuriant vegetation, the 
same wooded slopes, whicli we observe at present ; so that 
the inference seems inevitable, that the grand display of vol- 
canic activity, which must have accompanied t^ie formation 
of BO considerable a raoimtainj was limited to a period long 
aatenor to the existence of hisLoni^al records. 

Of this locality, as well as of the aUied phenomena exhi- 
bited in a spot on the Apennines intermediate between it 
aad Mount Vesuvius^ and in a line parallel yvith both, called 
of old the Lake Amsanctus, where, just as was the case nearly 
2000 years ago, in the time of Virgil, copious volumes of 
carbonic acid gaa are constantly given off into the atmo- 
sphere from some internal focus of volcanic operations, I gave 
an aecomit on my return at one of tbc meetings of this So- 
ciety, and the particulars are contained in a brief memoir 
since published in our Transactions.* 

One other volcano, however, or rather, I should say, ano- 
ther distinct system of volcanic operations existing within 
the Neapolitan territory, remained to be explored ; I mean 
that of Rocca Monfijia, near Sessaj at a distance of* about 30 
miles to the north of Naples. 

This mountain, occoi-dingly, it was ray particnlar object, in 
the third and last journey I undertook to the south of Italy, 
to investigate ; and as it proved in some respects more inter- 
esting, and more instructive, even tiian any of those which I 
had previously examined, I conceivG that a brief account of 
it will form a suitable appendix to the reports on volcanic 



• Karrativc of an Kicur^iwii to the Lake Ami-atictue and M Wonnt Vuluu 
in ApuUs, 1835j jJuhlinliDd hy tht? Aahiuolenn £(U:ioty. 
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phenomena, which 1 have on former oceasiona presented at 
these meetings.* 

Those who have iravelled from Naples to Rome by the 
lower ami more frequented road, which passes by Mota de 
Gaieta, Fondi, arid Terraciua, may recollect, that, after reach- 
ing Cupiia, they soon lose si<»ht of the volcanic tuff or pepe- 
rino, which constitutes the subsoil iu all direcUoua around 
Naples. They then find them.selves upon a calcareous marl. 
whicli, upon examinatinn, will appear to belong to the tertiary 
pcjiod, until they approach the hills which are ascemled be- m 
fore arriving at the post-house of St Agatha. They there 
perceive that the rock is again a kind of tuff, but ono possess- 
ing a different character, and therefore derived from another 
source from that surrounding Naples, and that it may be 
traced U^ n mountain called Rocca Moiitina, which Wca be- 
tween the two t«wns of Sessa and Toano, one of which, Ses- 
sa, stands at a di.ntance of about half a mile from the inn of 
St Agatha already noticed, whilst Tcano is situated on the 
eastern Ilauk r>f the moiuitain looking towards the central 
chain of the Apennines. M 

Both these cities will he familiar to the readers of Livy, 
the first at^ Suessa Aurunconnii, the hiiit hold of the nation 
of the Aurunci, the second as the seat of the rival state of ■ 
the Sidiclni. 

The Awunci, however, in the earlier periods of Roman 
history, had their capital at the summit, and not on the de- 
clivity, of the moimtain. Though they at one time appear 
to have possessed themselvei* of a considerable tract in the 
level country, both of Campania and of Lalium, yet their 
origiral site was the hilly country intervening. Thus they 
arc noticed by Virgil as a hardy race of mountaineers. 

— 4i quoe ilo cdUIIiiib nltis 
Aurunol misoru patrtTs; 

and those who like myaclf Imve ascended the mountain will 
regard it as admirably well adapted for the strongliold of a 
warlike and predatory elan. 

* The EiAp in I*Ute J., p. £16, glvei the felative pOaiUoJiK uf tlie thre* vol- 
cuoea ollude^I to. 
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We first read of tbcm, iudecd, soou after the uxpulttiua of 
the Tarquing, a« liirvin^ formed a contotleracy ajaiainat Konia 
with two Latin cities, Pometta antl Cora, when, being defeated 
with great slaughter, they are said to have tukcn refuge with- 
in the wallB of Poinetfa. The folIowinjB: yoav Pometia was 
besieged without success, and one of the consuls being se- 
verely wounded, the invading army sounded a retreat. 

A s+?cond army wa-', however, quickly dispatched, and Ro- 
man perseverance at length triumphed, Pometia being takcu 
b}r assault, after which it was so completely destroyed, that 
though it ha*l ranked as the pnncipal town in the Pontine 
Marshes, to which, indeed, it gave its name, no vestige of it 
can now be discovered, and its very ponition is unknown. 

Still the Aurunci remained unmolested iu their capital on 
the summit of Rocca Montina, to which the llomans, as it 
woald appear, did not think it prudent to pursue them ; and, 
although a few years afterwai-ds, when this same people, in 
consequence of the taking of the town of Snessa by the Ko- 
mans, joined the Volscians, they were again defeated in bat- 
tle, their indopendertoe was still preserved to them within 
the range of the mountain fastness alluded to. 

For the next century and a half the Aurunci appear to 
have kept aloof from colliisioii with the Roman power, but in 
the year A.U.C. 410, they made a predatory incursion into 
the IU»mun territory, which excited so much alarm, fi-om the 
fear lest, if unchecked, the whole Lathi nation might rise, and 
make common cause with them, that a dictator was appointed 
to head the army sent to ojipose their march. They wern 
indeed promptlyrepulsed; but nevertheless, in the great Latin 
war which commenced about five years afterwanls, they again 
took part against the Komans, and shared iu the defeat 
whieli attended the arms of the confederates. 

At the peace which followed, they were admitted in the 
alliance of the Romans ; but from this momeut may be dat*.'d 
their ruin ; for soon afterwards tine hostile nation of the Si- 
dicini, either by surprise or treachery, effected that which the 
Romans appear never to have attempted, namely, the expul- 
sion of this people fi-om their stronghold on the summit of 
Rocca Mon&na, which, witli its walls and fort ifi cation 8, was 
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utterly liemoliBhetl, the inhabitants being compelled to seek 
refuge in the town nf Sue»aa, the modem Sesaa, lu the plain 
below. 

After this event, all we read of the Auninci is, that they 
took part with the Suwnites in thcli* second war a^lnst the 
Romans, and, in consequence of their defeat, were obliged tu 
tnubmit to receive a Roman colony, »o that their existence u 
a separate state was firom this period destroyed. 

That they should bo long have resisted the Roman power, 
and not been Bnally subdued, until deprived of their origin*! 
fortress on the top of Rocca Monfina, will he less a matter 
«f Burprise. when I have described the structure of tins re- 
markable mountain. 

After a rjither steep ascent of about 2000 feet, we find 
ourselves all at once within a very regular crater, the brim 
of which is perfect on the west, where it fonns tlie lofty and 
precipitous Monte Cortinella^ and may be traced in ullicr 
parts throughout its entire circumference, except on the «de 
which we enter on coming from Sessa, where it ia ao fai* 
broken away, that thci*e is scarcely any siensiblc descent he- 
fore arriving within its precincts. The circular form and ex- 
tent of the ci-ater ia however better observed from some point 
near to its centre, than from its margin, and a remarkable 
conical protuberance which rises up from the midst of the 
crater, and reaches an elevation of 3200 feet,* considerably 
exceeding the highest point which the margin of the latter 
attains, gives us an opportunity of surveying its internal di- 
mensions. 

Us diameter is estimated at two and a half Italian miles, 
and its circumference at seven and a ball'; but a large portion 
of its interior is occupied by the conical hill above noticed, the 
structure of which I shall describe immediately. 

It is no novelty to the traveller in Italy, to observe the 
counti'y iticreasinc: in verdure and fertility, in proportion a» 
he ascends to a higher elevation j ao that, after toiling up a 
labonous ascent, unapproachable perhaps, except on foot, or 
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hy beasts of bnrden accustumed to mountain paths, be may 
often find himself all ;it once in a valley, exhibiting, instead of 
the sombre and lonely aspect which in colder countrieH ia cha- 
racteristic of mountain scenery, a ilisplay of those softer and 
lovelierfeaturetf.whichtheintenHeheatof thesiin soon banishes 
elscwliere from the laudHcape of southern latitudes, and teem- 
ing with a populatiun, more healtJiy, more vigcji-ous, and appa- 
rently more thriving, than he had left in the plain below. 

Such is found to be the case in crossing the mountain 
chain tJiat separates Amalfi from the towns that lie scattered 
along the Bay of Naples, after we have climbed up the flights 
of rude steps, which often form the only medium of commu- 
nication between the villages situated on the slope of the 
hill, and the sea that flown at its base. 

And in like manner, Uoccji Moulina, isolaterl as it may ap- 
pear, and remote from auy great thoroughfare, comprehends 
within its precincts two or three populous villages, several 
churches, and more than one convent; whilst its surface, so 
far from presenting the rugged aspect which volcanic rocks 
usually assume, is so iniifunnly clothed with vegetation, and 
in a state of such complete culture, that, but for the amphi- 
theatre of hills which encloses the tahle-land on its summit, 
the circular form of which betrays the origin of the moun- 
tain of which it forma the outer margin, no one could for an 
instant dream, from its general physiognomy, that the whole 
was of igneous formation. 

And yet, when we look back to the acconnts given by the 
Roman writers of the state of Vesuvius, or rather of Monte 
Somma, just before that mountain returned to a state of ac- 
tivity in the second century of the Christian sera, we may see 
reason to liplieve, that its condition must then have been 
nearly similar to that of Rocca Monfina at present,* if we 
only except the crater, which, not being composed of tuff, 
was entii-ely baiTea, even in the time of Strabo-t 



* See engravings iu Piute II., p. i!l!>. whicli rBprMetitthesuppoeedffirmof tlin 
raouutaiQ in the time of Strabo, and its appoaracco flulwoqupntly to tlie timo of 
Pliny. 

t d«c MartlaJ IV., Bp. 44. Btrabo, V. 24. 
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In one respect, indeed, eren here the analogy held good; 
for, like the crater of Rocca Monfina, that of Monte Sonuiift 
fieems to have been broken away on one side, by which tlie 
troops of SpartaeuB must have entered it when besieged bj 
the Kouian legions ; and it was by climbing up the sides of 
that portion which continued entire, that the army alluded 
to contrived to escape from their dangerous position, and to 
take the enemy in the rear.* 

If Buch, thcn» was the condition of Rocca Monfina dnrmg 
the early periods of the Roman Republic, we can hardly ima- 
gine a position better calculated for the stronghold of snch 
a nation as the Aurnnci arc described to have been. 

Their outpast Snessa, situnte, as we have seen, near the 
bottom of the mountain, commanded the approach to it on 
tliat side where it was most accessible, and secured to them 
a commuaieation with tlie sea, with the cities of the Pontine 
MarsheSy and with their possessions in Campania. 

If driven fi*om thence, they had only to retreat to the sum- 
mit of the mountain, where, iK>Btt!d on the external margin 
of the crater, they would watch the movements of ony invad- 
ing force, long before it could gain the top of a mountain of 
such height, and so difBcuIt of access. lu case of an attack^ 
they could drive their flocks and herds witliin the crater, 
where they would find ample space and good pastarage» 
without danger of molestation, unless, indeed, the enemy 
were powerful enough to dislodge them from the vantage 
ground which their army would occupy on the brim of the 
crater, itself a natural fortress, inclosing within its ample 
boundaries a large tract of fertile land. 

Even if compelled t« relinquish this sti'onghold, they still 
had it in their power to take refuge on the conical and pre- 
cipitous mountain which rises up from the very centre of the 
crater, where a small force might easily set at defiance a 
host of invaders, 

On this mountain, called, from a cross which, till lately, 
stood on itii summit, the Monte dc la Croce, they accordingly 
appear to have placed their citadel ; for an Italian archieolo- 
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gist* first pointed out^ on a level spot nearly at the tup of 
this eminence, a» vestigeH of the ruined city, pavements of 
streets, corners of apartments, fotuidMions of buildin^H, three 
cisterns for containing water, togetlier with hoo^ps of hewn 
stoues, and remnants of very strung walls. 

Some of these were perceived by myself in the course of 
my rambles over the mountain, and I found that they con- 
sisted of the same material which composes the rock on 
which they had been erected. 

No betterproof than this cuuld he adduced of the antifjwity 
of the volcanic operations to which the mountain owes its 
actnal configuration ; for, as Sir William Gell observed to me, 
when I once descanted with him on the extreme disproportion 
which exists between the length of period embraced within the 
several epochs of human and theological history, a nation like 
tlie Aurunci, to whom it was of essential importance to have 
near their city good pastm-age for the floclis and herds on 
which they depended fur support, would never have selected 
Rocca Monfina for their capital, not only if the volcano itself 
bad been in activity, but had not the atone which constitutes 
tbe interior of the crater been already in such a state of de- 
composition, as to be covered with herbage, and to yield abun- 
dant crops. 

With regard to the geological structure of the mountain, 
I may remark, that, with the exception of the conical mass 
of rock in its centre which constitutes the Monte della Croce, 
it is almost entirely composed of beds of a volcanic tuff, which 
differs, however, from that met with round about Naples, in 
the inferior degi'ee of its compactueas, In its more earthy ap- 
pearance, in the more frequent preaenee of mica, and the rai'O 
occurrence of the darker varieties of pumice. 

I remarked a red ferruginous variety, sometimes in beds 
alternating with the commoner kinds, and in one instance 
forming a kind of vein running vei-tically through the strata. 

The tuff continues fi-om tbe tovm of Sessa till we approach 
the outer brim of the crater, covered over with louse uncom- 
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pfKted aggregates uf vulcanic sand, and of stoDes promis- 
cuoDsly heaped one upon the other. 

In this tafT are often imbedded^ not only its usual coDComi- 
ttuiia. Baud and rapilli, but also large blocks of a kind of por- 
phyry, peculiar, as tt would seem, to the products of the an- 
cient vuleuuocs, of Monte Somma and of Kocca Montina in Uke 
Neapolitan torritoi-y, and of Acquapeudeute and Viterbc in 
the Roman, characterised by crystals of leucitc, which, at the 
spot now under consideration, are often of extraordinary di- 
menstuns, sometimes two inches and a half in diameter, a&d 
are accompimieil by minute crystals of augit*, both imlied- 
ded iu a fcUpiUhic basis. An the felBpathie portion was moK 
readily decomposed than the imbedded crystala> these latter 
might often be detached from their matrix in a state of greai 
integrity. 

Near the little village of Tuoro de Sessa, which is situate 
very little below the external margin of the ancient crater, we 
observe a continuous bedof this leuei tic porphyry, restingujwn 
the tuff, and extending for some di^itancc along a ravine which 
runs obliquely down the aides of the mountain. This was tin? 
only instance that occiu'red to me, in which the above rock 
appejtred In any other form than that of detached blocka. 

The most remarkable feature, however, in the physiognomy 
of this mountain, and that which distinguishes it from even' 
other volcano 1 had seen, is the protrusion, from the interior 
of the crater, of a conical mass of rock resembling trachyte,* 
large enough to fill up two-thirds of the area comprehended 
within the walla of the crater, and so lofty as to rise consi- 
derably above the most elevated point in its margin ; consti- 
tuting, indeed, wbnn observed from a distiince, the most con- 
Hpicuous object embraced within the compass of the moun- 
tain. 

This trachytic: rock ia much more abrupt than the toff 



* S«e tn Plate 1. tlie section and ground plftn of RcKca MotiflnA, tha fonnDr re- 
daccil from a sketch taken bv itie tirti&t wlio arcumpniiieil in«on my vtKit to tfae 
nountein; thu latter bonoweJ from a memoir by Prureeoor Pillo, nho, bow- 
ever, btw niprntiante;! tho crater as thuugh it vere entirely cfTncffd on tlio tBSi, 
whi?rcBS it n.pgti-ju'f-il to tne tborc (lIittiQctly traceable, nllhnugh, undoubtedly, 
much Inwor thaci it wha on tbi> weat. 
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through which tt appears to have beeu protraded. In it» 
centre is a hollow plain, which may possibly have once been 
a kind of crater, as there arc still on three of its sides points 
of rock that rise considerably above the central concavity, of 
which the highest was formerly marked by a cpobr ; a cir- 
cumstance which, as I have stated, served to give the name 
of Santa Croce to tlie entire mountain. 

The rock is generally of a reddish-brown colour ; its bajse 
sometimes gray, fine-gained, and compact, but not of very 
close texture, intimately inttrwovcn with small felapathie 
portions, which fi'equently ahewa glassy fractm*e, as if from 
fusion. 

Much green augite, never, however, accompanied by even 
a trace of hornblende, penetrates the whole mass ; and brown 
mica, generally in hexagonal tables, is a predominant ingre- 
dient. Abich regards the rut'^k in the aggregate as funnrtig 
a link intermediate between trachyte and greenstone. 

Pilla informs ua, that the summit of tliis cone is exactly 
equidistant from all parts of the crest of Monte Cortinella, 
the only portion of the original crater that stands absolutely 
intact, showing, that it stands exactly in the centi-e of the in- 
closed ai'ea ; a singular and impi"obable coincidence, unless 
it had upheaved the rest of the mountain, but one presenting 
no difhculty if we admit this supposition. 

The I'ock alluded to, abrupt as it is, seems to be every- 
where covered over with vegetation, and a fine chestnut 
forest occupies a considerable portion of its flanks. 

From its summit the eye embraces, on the onK hand, Mola 
di Gaietu^ the range of mountains temiinatiug in Cape Cir- 
eello, and the whole extent of coast as far as Ischia and Ve- 
suvius ; whilst on the other, the line of the Apennines, in- 
cluding the monastery of Monte Casino, and other places 
built upon the slope of these mountains, appear conspicuous. 

The artist who accompanied me executed, from this and 
other points of the mountain under consideration, a pano- 
ramic view of the whole circuit which the eye comprehends, 
of which the following ground-plan may serve to present 
tome idea : 





^. % V 



Now, the cirfunistanco which, in a {^eolo^cal sen»e, at- 
taches the highest ictefcst to the structiu'C of this mountain* 
is the support wliifh it appiiars to utford to the theory of ele- 
vation ; the view, that ia, which r^gardn volcanic mountiunB, 
as formed iu the first instance by such a suiljen upheave- 
inent as might have brought the m.iaHes of rock of which 
they consist, from a nearly horizontal position, into their pre- 
flflnt inclined one, nrni at the same time cnuaed them to occupy 

a much higher relative level than tliey had dune antecedently. 
This view of the original formation of volcanic mountains 

has been maintained by aome of the moat distinguialied nf 

modern geologists; by Humboldt, by Von Buch, by Elie de 

Beaumont, by Dufrenny, and by Abich. 
But as it hftH met with able opponents, in Lyell and Scrope 

in this couutry, and in Mons. Prevost in France, it is natis- 
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factory for those who adopt such a theory, to be able to ju§- 
tify their belief In it. by pointing^ ont fiicts, which, like the 
experimenta crucU in cliuniistry, seem iiTCcoiicilable with any 
other hj-potbesis. 

Of this deaeription, ah U appears to me, is the protruRion 
of a compact mass of trachytic rock tlirough tbe centre of a 
mountjiin mainly consiRtintr of materijils bo difFerenfr from it, 
as Icucitic porphyry and volcanic tutV; and its attaining, 
eover, a height so considerable, an it liaB done, in the in- 
ce before us. 
The first difficulty in the way of supposing it foi-mcd by 
tlie same operations a«tl»o»e wbieh produced the maHS of the 
san-ounding mountain, arisus from the constitution of its com- 
lionent parts, wHch, ia such as to imply a different origin for 
llie two. Moreover, it may be romnrked, that if the Monte 
dellft Croce had eonaistt'd of heaps of incoherent scoria;, or of 
bpgc fragments of «lflggy lava piled one above the other, 
like the cone wiiich is now forming in the centre of the crater 
of Vesuvius, its existence might then, indeed, have been ex- 
plicable by an appeal to the everyday operations of which we 
are eyewitnesbes in volcanoes now in activity. 

Had it even fomied part of a stream of lava, which might 

rtlll be trac<.:d down tiie external flanks of tlie mountain, al- 

tJiough we should have wondered at its ample dimensions, we 

,t, nevertheless, hfive refeiTed it to the aame cause ; but 

ideal mass of rock so considerable, and yet so completely 

circumscribed within the area of the crater, could only, as it 

trould seem, have been brought into tht position which it is 

seen to occupy, by being upheaved aii at once from the iute- 

rioff of the globe, whilst in a semi-fluid or pasty state, but 

not in a condition of actual liquidity. 

Wc have, therefore, before us an agent, which would not 
only be competent to uplift the surrounding strata of tuff, but 
which must iieccssanly have dnne so, if the latter had been, 
at the time of its eruption, in an horizontal position ; and to 
suppose them gradually formed by successive showers of loose 
incoherent ejected materials, before the trachytic rock in its 
centre was protruded, seems to imply a forge tfuln ess of the 
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height which the tufi' haa attained, and of the high angle &t 
which its beds are inclined. 

Alternating strata of tuff and lava may. indeed, be imii- 
gtned to build up, in the course of time, a mouutalo of coosi- 
derable elevation, but a hill consisting of tuff alone, aBSfi- 
pears to he tlio cane with a large part, at least, of Rocca Mon- 
litia, could only have attained its present Iicight, which is at 
least 2000 feet above the sea, in consequence of some elcTi- 
tory muvenient subsequent to its ejection ; and if this be id- 
mitted, we have before us, in the central trachytic rock of 
Monte della Crooe, on agent calculated to cause such an u|i- 
heavenient, and itself hardly to be accounted for without 
such n Ku|)]mHiiiuii.^ 

1 have nnt time at present to enter into tlie general dlft- 
cimaiou of the subject, and will, therefore, only nlhido to two 
facts i*elatiug to the vulcanoes of litna and \'csuvius, whicli 
seem to shew that even thcre> where analogy would mast 
lend us to suppose that the whole of either lUuuntAiit hasheen 
formed by a succes^^ton of the same ejections whicli are con- 
tinuing to increase it. the stubborn OTdence of facts compels 
us to adopt the elevatory theory. 

The first of these fauta is the circumstance so lucidly point- 
ed out by Elie de Beaumont, and substantiated by him thi*ough 
a moat laborious induction of particulars ; namely, that a 
stream of lava, having an inclination of moi*c than six de- 
grees, cannot form a continuous mass, and. therefore, that 
the upper portion of Mount Etna, which rises with an incli* 

* Although Boccii Monfina prosftutt th« but instaoca with -which I am •»■ 
<]u&lnteii, of a trachj-tk rock that hu protruded through th« centre of & rrat«r, 
without fi>rmin^ a <:itrrent of lava uictunding down the cxt«rnal sla{>e of the 
mountitin, yfi vra hnve something of the Htimfl kitid In the crat«r of Aslroni ; 
«n<l on the ronil Pvam Kgioo t(i I'lurcncc we toaj observe, nenr KoscIgHoDft, in 
tho fjnko of VicD, the bacus Cimitii of antiquity, and as unduuhtcd crktcr, K 
conical hillock rising froin the coiitrc, tho real fitructure of which !s conc«ftl«J 
from th4t pnuiiig traveller by its lieing covered over with treen, hat which mj 
»pry jiroWlily bo of similar formatioii. 

Amongst i^xtinct volcanoofi, however, a sttll more Htnktng jianUIfil is prefM)t«d 
in Auvergne by the Puy de Dome, a conical mountain consiHting of that fHftbte 
deocrijition of trachyte called domitc?', which r^ecH ftoni the midM. of an unphl- 
thrntni uf roloinir rorkii (iri]uiLiT a d i FTitr it ii I, cliiii-arUir from ilnttir, anil iif a tnncfa 
tvr cuIdut from th« intcriiiJxluro of tuigite. Sci; my wurk. on Vi>lranoea. 
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nation of 29" and 30", must bave beeu {>roduced iti aome other 
way.* 

The accond is the diacnvcry of the same marine Rhellfl in 
the tufi' of Moute Somma which exist in that of the Fhle- 
grean fields ;t seeming to shew that the former, as well as 
the latter, had once been under water, and, consequently, 
could only have attained its pi'cscnt elevation by being up- 
heaved. 

The reluctance, indeed, which certain eminent geologists 
in this country have evinced to the admission of thia theory, 
seemB to have proceeded from an undue i-eliance npon the 
truth of their favourite priuclple, that all the phenomena on 
the earth's surface, which geology has revealed to us, are 
bronght about by a repetition of the same cycle of operations 
ivhich we are cyowitncHses of at present — that in the natural. 
&s well as in the moral world, thei'o is a kind of circle of 
events continually reproducing each other, and bringing us 
back, after an interval of time, to our original starting place. 
For my own part, I am inclined to think, that the analogy 
of the moral world might lead to more hopeful conclusions ; 
the laws of matter, indecil, like the paasioni^ and capacities 



* 8pe also Von Burb on Volcanoeti iind Cruters o( Kleratitio.Edin. Itiil. Jour., 
»ol. XXXV. for Oct. 1836. 

f Professor Scncchi, in tho GuWn dl Bapcili (a rnluable present made by th« 
biag of >'oplc3 to onirh of the Hcicnzinti wbo uttcniJeil the Italiun C'oagreai held 
>t his capital in tha autumn of Inst ycnr), <.-niimcrfitcB the foltoniag shells m 
Misting BtiiotiijKt thr rrrntic liliu'kK of Monfc Somnia, wome of which he States 
■Uo to occur in the tufTcf tho suaic locidity. 

+ 



Pecten JacohauB, 

vnriu", . . . 

»nguinfiu«, . 

Ostreit crietnli*, . . 
ITacula morgoritacftiiL, 
Mytiluo, .... 

Soles legnmcn, . . 
Tellinn ilonarina, 

T«llioft oxigus, . . 

Krj-cinn RctiJeri, . . 

Coi'buln naclcu?, . . 
MnctriL KlultoruDi, 

Venal PsolcHi, . . 

-^— - (.'hiuni!, . . 



+ 



CKrdiujn ecliiiiHtnin, 

tuWrc^ulalum, 

Vfilvnria trlticen, . . 
Iliu'cinuia mutubile, . 

inftcula, . . 

PlGui-otonin vuria, . . 
^ftlarla communiii, . . 
Turritclla. roinitiUDb, . 
NHtk'a ValiiiicleniicrU, . 
IJentaliiui) lU-utalis, . . 

' — = — coFLrctatum, . 

Sillquaria angtUna, . . 
Werjmla cereolu*. . . 




of man, bare at all timefl, nu doubt, enntinued the Hame ; M 
it does not, therefore, follow, that the former may not have 
produced diffcfent effects in ancient times, hj operating upon 
a different condition of the external world, and that tlie 
series of events which we witness at present must have taken 
place formerly, or will be repeated hereafter; any more than 
we need anticipate the recurrence of the same conditions of 
civil life which we read of in ancient history ; or deny, that, in 
the inidftt of continual alternations of retrocession, aa well as 
of advancement, the general tendency of human society is id 
the directjon of progress. 

Waiving, however, these general consideiiitioua, I will jnsi 
point out certain facts, which seem to demonstrate that these 
^B geologists must, in spite of themnelvefi, admit of proce&seit 
which, though all included nnder the general entegory of ig- 
neous operations, arc, nevertheless, distinguished fi*oni thoM 
brought abont by the influence of subterranean boat at the 
present time, and of which, therefore, they can have no actwd 
experience. 

Few of us in tlie present day will question the igneous ori- 
^n of granite, and least of all those belonging to the school 
of geology tu which I allude ; it is impossible, indeed, to con> 
ccivc in wluit manner the particles of silex, alumina, and 
alkali, compoaing this rock, could have been brought into 
such close juxtaposition as to be able to exert their mutual 
affinities, and to form crystals of felspar and mica, unless the 
maftft had been in a »tato which admitted of a certain freedom 
of motion in its constituent elements, for which an approach 
to a state of fluidity seems absolutely requisite, whilst for this 
fluidity we know no other probable cause than heat 

Nevertheless, it is an undoubted fact, that^ on the one hand} 
the igneous operations, whose effects we witness, have never 
been found to give rise to ejections of granite ; and, on tlic 
other, that those extensive rock formations, apparently re- 
sulting from igneous processes, which, themselves destitute 
of all traces of organic life, lie at the base of those strata 
which contain the earlier manifestations of the same, and arc, 
therefore, considered to have preceded them, never present 

U8 the characters cither of sub-atilreal or of sub-mariae 
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TtJcanoes, whether we regaitl their geological structure, and 
relfttions to other rocks, or their conntitntion, as deteitnined 
by chemical analysis. For the first element in the considera- 
tion I would appeal to the testimony of Professor Keilhnu of 
Norway, who, by a long sorios of elaborate observations, has 
at least succeeded in shelving the difficulties of identifying 
gnmitic rocks with modiiru igneous products ; and 1 am happy 
to find Sir Uodericlc Murchison, in his recent work on Rufl- 
aia, adding the testimony of his extended experience to the 
soundness of those views with respect to the priiwigtmiture 
«f granite, which were prevalent in the earlier tiuics of gco- 
log)'. Yqt although its occurrence superimposed on second- 
ary and even on teriiai'y strata cannot he denied, yrt it does 
not therefore follow, that those extensive formations of the 
same kind which lie below tlie most ancient foasiliferous 
roeka are to be placed >vith them under the same category. 

We may, therefore, appeal to the production of a granitic 
compound, as an example of a mode of igneous operation 
differing from any which wo witness at presont, and brought 
About under conditions which seem iu the later periods of the 
earth's history to be, to say the least, but of unfrequent oc- 
currence. 

But this ia not all, for by reference to the discoveries of 
modem chemistry we ahttll bo enabled, if I mistake not, to 
trAce a very beautiful series of transitions, by which the 
primeval granite has been conveiled, first into trachyte, and 
aflerwards into the various kinds of lava, &c., which chai-ac- 
krise modern volcanoes. 

On this point I will enlarge a little, as a full explanation 
of it may tend to impart to you, as it has done to myself, 
clearer notions as to tlio real nature of the pi-oducts which 
we are accustomed somewhat vaguely to designate under tho 
names of granites, trachytes, and the like. 

Ask, for instance, a geologist what he means by the term 
granite, and he will tell you that ho understands an figgi'O- 
gate of three minerals, namely, quai-tz, mica, and felspar, in 
a Btate of intimate mixture. 

But in order to learn what these several minerals really 
are, the chemist is the fittest person to be consulted ; and from 
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him we may collect, Ibat t[uai*tz i» nearly pure silex, colouKil 
by indctinite, though minute, quaDtities of certain foreigD mat- 
ters, but that mica and felspar are definite compounds, form- 
ed of au acid and a batie iu exact utoinic proportious. Tbe 
same, indeed, applies to all crystallized minerals consisliag 
of more tiian one ingredient, afl was fintt laid down by the 
illustrious BerzeliuB — ageneralizatiou^by ibc by, which raal^B, 
perhaps, next to the great Daltonian law of definite propor- 
tions, highest in the scale of importance amongst scientific 
tnitbg of this claas, and was arrived at by him at a time when 
80 many diliicuUiea lay in the way of its adoption, tJiat we 
cannot sufficiently admire the penetration required for its tlia- 
covery, tun well as the boldnesH which he evinced in promul- 
gflting it. Indeed, until the celebrated Prussian chemist Mits* 
cherlich had developed his original viewa on the subject of 
what he has called Isomorpliiam, we were stopped at the very 
threshold of Berzeliua* theory, by finding the same mineral to 
contain, Hometiuiea one base, sometimes another, witlioiit niij' 
other appai*eut limitation, except- that th,e proportions they 
severally bore to each other should be as their at4>mic weights. 
Thus garnet might contain alumina, peroxide of iron, lime, 
magnesia, protoxide of iron, severally combined with silica, 
or any one or more of these bases might he absent, provided 
only there was one basn with three atoms of oxygen coift- 
bined with two of the negative clement, and another with 
one atom of oxygen united with one of the latter, present iu 
the compound. 

The diflicuUy which tbia occasioned was, however, removed, 
when Mitscherlich had shewn that several bases admitted 
of being substituted one for the other without destroyiDg the 
essential character of the crystallization, or producing any 
further change in it tlian a slight difference in the angle; 
the only necessary condition being, that each of tbe bases so 
replacing eaoli other should contain an etpial number of atoms 
of oxygen. Thus potass, soda, lime, magnesia, protoxide of 
iron, &C; may replace each other, as containing each an atom 
of oxygen to an atom of the radical preKent ; as likewise may 
almnina, peroxide of iron, and peroxide of manganese, since 
thcyr each contain throe to two of base, so that the same mine- 




Site of ihe Anet«nt City of the 

al a(lmif« of a conBidernble diversity i>f cuinpDsition. whilst 
itill retaining its own peculiar crystalline form.* 

But later researches have carried us a step further ; they 
ihew that crystallographera Iiod often confounded several 
minerals which analysis proves to bo distinct ; thus Henry 
Rose of Berlin, and oilier chemists of the school of BerzeHus, 
proved, that whilst one kind of mtca contains a cei'tain dofi* 
nite amount of potass, in another a portion of that base will 
be replaced by lithia, and in a third by magnesia- 

In the two first, tbe mineral, when examined by polarized 
light, oihibita only one axis of double refraction, or one set 
of rings, whilst in the last it displays two such setA, ku that 
ihe magnesia!) mica deserves to be distinguished as a sepa- 
rate species on crystallographicai grounds alone. 

In like manner, Henry llosc has asserted, on the fwtb of 
diemical analysis, that mineralogiRtB had designated by the 
luune of felspar several distinct substances, a statement which 
the more exact examination of their respective angles of cry- 
stallization has since shewn Ui be correct. 

There is, indeed, such an analogy between them with re- 
ject to their chemical composition, as well as to their ex- 
ternal characters, that they may, perhaps, be conveniently 
eoQsidcred as merely difterent species of a genus to which the 
terra felspar is applicable, tbo new terms which have been 
affixed to them by way of distinction being regarded as do* 
ng;nating the species. 

Thus the genus felspar may be defined as indicating a mi- 
neral, the primary fonn of which is an oblique rhombic prism, 
ikod its chemical constitution that of two compaundn of silica 
Baited together ; the first consisting uf silica united with any 
base which contains only one atom of oxygen, the second com- 
pound of silica, one where that body is united to a base in 
which the proportion of oxygen to the radical is as three to 
two. 

* Bammalabng, a divciple of Kose, bos proponed n chetuical closdificBtion of 
(UicMoa DtiaerBb foiiiid«l on thlit princiiiU'. wbtch I »hitlt givo Id tito Appon- 
A\x, oa it itc«RiR W mo the I'CDt tittuiiipt tl>at hnn Ikm^h ina4r. Lu tpiJuci! W ortVr 
tbe confuted cioss of species ccDtaltilog 'vnrioue propoKiuns of Lbose earth* 
wbich mioenlog; prcKDlii. 



Dr Charles Daabeny on the 

But this (]e6nition gives scope for a considerable diversity 
of chcmiciil compoaiilou, since silica is capable of cntoinng; 
into chemical union with bases in the pi*oportion of one, two, 
and three atoms ; and, accordingly, I may enumerate the fol- 
lowing species of the felspar family, as distiuguiohed by R«e 
and liis disciples. In this enumeration, however, I will en- 
deavour in simplify the matter as mnch as possible, by point- 
ing out, in the first place, merely the relation which the silica 
bears to the base which contains three atoms of oxygen to 
two of radical ; and, in order to avoid an inconvenient ci^ 
cumloeution. will speak of this l>a6e as though it were in aU 
cases alumina, that being the negative element possessing the 
above composition, which is moat commonly found in union 
with silica in this class of minerals. 

In anorthtte, then, and in labmdorite, the silica is to the 
alumina in the proportion of atom to atom, the difference be- 
tween these two minerals consis'Ung.in the former being com- 
posed of three proportionals of this combination ; in the Inl* 
ter of only one. 

In tlic andcsin. or the felspar from the Andes, as well as 
in oligoklase, the silica is to the ahwnina in the proportion of 
two to one; the difference between the two consisting iuthc 
proportion which the silica bears to the base with one atom 
of oxygen. 

Lastly, in pericline, albite, glassy felspar, adnlaria, and or- 
thoklase, the proportion of silica to alumina is as three to 
one, the largest amount in which it is capable of entering into 
chemical union with any base whatsoever. 

The chemical differences between these four minerals con- 
sists in the nature of the base with one atom of oxygen united 
to silica, which it contains ; this in orthoklase is chiefly potass ; 
in albite wholly soda ; in pcncHne partly potass, but chiefly 
soda ; and in adularia chiefly potns», though a small amount 
of soda is also present. 

Thus we have, in the felspar family, three several grada- 
tions in the pi'oportlon which the silica bears to the alumina 
with which it is combined, namely, one, two, and three atoms 
to one of base, as may bo seen by the following table, for 
which I am indebted to Abich. 
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It U observftbic that the fipecific gwivity of the miaero) is, 
in ihoae caflcs uh well an in moat other of the prodncte of ig- 
neous action, inversely as the amount of silica, and direcU) 
as that of tlie other bases, so that a near approximation to 
their chemical composition may be often obtained by merely 
ascertaining their weight. 

ThiR, accordingly, is the method proposed by Abich, in or- 
der that >vti may appreciate the real mincralogical coropsi- 
tion of a rock, in which the component parts arc so blended 
together that it is imponsihle to separate one from the other 
for the purpose of examination. 

In these cases the specific gravity will often give the pm- 
portion of silica, supposing iron and other of the heavier lll^ 
tals not to be present in quantity sufficient to affect the re- 
sult ; and from tho proportion of silica the nature of the fel 
spathic mineral present may be, in genera), estimated villi 
sufficient precision.* 

Kow, ii is important to obsen-e, thai the kinds of feUpA^ 
commonly found in granite are those which contain the largest 
proportion of silicn, namely, either orihoklase, adularia, or al* 
bite. "WTiere, as is often the case, orthoklnse and albito are 
both present, the basis is generally composed of the lattfiir, 
whilat the imbedded crystals consist of the former. 

Such IB the case at Carlsbad ; and this fact affords, pcr- 
baps, the true solution of a question which I started in my 



PerC«n'- 

* Thus Trftchytlc porphyry. h*Tlng a tpo- 1 ^j.^^^ ^x^^ of sUex 69-4S 

cifin gmvity of ) 

Tradiyla S-Bb21 65-88 

Domitp 2-6334 65-50 

4 CIlnkHtoiiB. . 257rO 57-66 

Anaeeit*. 27032 64-46 

+ aiu6y Amioitu, ......... 3S851 66-4£ 

Tnchyte-doUrite. 2-7812 67-66 

Dolepite, 2-8613 C3-09 

Tli« only exoeptioos IjoiDg ctialutoaii and gluay ondosite, the fonner having 
the same compoeition OS trachyte-dole rite, bnt aa inferior epeciEc gravity ; Uio 
lattar corrMpondtng aMrlywith dinkslone in both these particulars. It ift to 
bo remarknl, however, that cUnkKtone, although chemically reeeoibllng tradiyte* 
tlulerite, has a dlfTerent miDoril composiUon, for it appears to l>e a mijilure of 
a zculilic njineral wlUi glnsiy felspar. I'robably the saine may apply to glassy 
attdoaite. 
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Beporton Mineral Waters .^Britislk Association Reports.vol. v., 
1836, p. 24), namely, why tbese and other thermal springs 
irhich issue from granitic chains, hold carbonate of soda in 
loluiion, but not carbonate of potass. 

Now, by considenng the nature of its feUpathic material, 
it lit'iug one of those varieties of the mineral in which the 
liiica ia in the proportion of three atoms to only one of base, 
Vfc may see the reason, why in granite a certain proportion 
of quartz, or uncomhincd silica, is almost unii-eraally present. 
Its amount, in fact, represents the excess of silica existing 
iu the itick over and above that which could combine with 
the alumina ; and hence it impUc», that at tlie time, and at 
Ibe place where the granite was formed, there was not a auf- 
Bcient quantity present of the several bases to combine with 
the whole of the silica. 

And if we examine the composition of the various rocks 
which have been produced by the operation of volcanic forces 
in ancient and in modern times, we shall be able to trace a 
gradual scale of diminntion in the proportion of silica, and a 
corresponding increase in that of the bases present. 

The first great division of them is comprehended under the 
name of trachyte, ii general terra for a class of rocks of igne- 
ous formation, characterised mincralogically by their harsh 
and gritty feel, together with the frequent presence of cry- 
stals of glassy felspar ; and, chemically, as being trisiUcates 
with or without an excess of silica. 

They ai*e divided by Abich, who follows in a great degree 
the classification of Bcudant, into, 

I. Trachytic porphyry, in which quartz is present, but 
neither hornblende, auK'to, nor titaniferoun iron appear. It 
is found, not only iu Hungary, but aUo in the Ponza, and in 
some of the Lipari islands. 

2. Trachyte properly so called, in which no quarts occurs, 
but which contains crystals of hornblende and even of augito, 
together with mica. 

3. Andesite, the trachytic rock of the Andes, described by 
Abich as being of various degrees of compactness and con- 
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sistuncj, posseHsing a coarse conchuidal fracture, and con- 
taiuiiig a largo uumber of small wlute cr^ystals, reseniWiug 
albitc, in a ci-ystalline base of a darkish colour. Small cry- 
gtals of glassy felspar are rare in ibis variety of trachyte, bet 
those of hornblende arc common, and augite is also present 
It sometimes passes into i^enstone or diorite. 

Thus the rock composing the summit of Chimborayo, the 
basts of which resembles pitchstone, and which is destitute 
of hornblende, though rich in augite, is called by Von Bucli 
an andGsito. Antisana also, and Cotopaxi, aro said to consist 
of the same ; and it is probable that this rock, in connection 
with trachyte properly so called, constitutes the greater part 
of those volcanic mountains in South America which are 
destitute of craters. 

4. Obsidian and pumice, which are so connected, both phy- 
sically and mineralogically, that they must be placed mider 
the same head, and regarded merely as expressions for tiro 
different conditions which the same ori^nal material has been 
made to.adsunie, by tlie agency of volcanic forces. Botli, in- 
deed, have been regarded rather as particular states which 
many different minerals ju-e L-apable of assuming, than as dis- 
tinct species ; but it is to be remarked, that simple silicates 
and biailicates of alumina are incapable of assuming, either a 
vitreous condition, such as that of obsidian, ur those cellular 
and filamentous forma which we observe in the different 
varieties of pumice. 

It is necessary therefore that the rock should be rich in 
silica, or be a trisilicatc ; and hence, if with Abich wc divide 
pnmices into two groups, namely, into cellular and filament- 
ous, the former being dark grccu, poorer in silica, and richer 
in alumina ; the latter wliite, and containing more silica ; we 
shall find that the furmer is derived from cliiikBtone, trachj'te, 
nnd andositc, and the latter from ti'ochytie poi-phyry.' 

r>. Pearlstone, a rock frequent in Hungary, and character- 
ised by the iiresence of ciystallites, or little globular conci*e- 
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ti«>ns more or less vitreous, and generally scaly, with a pearly 
Insire arising from the commencement, of a kind of crystal- 
liation in the mass, or, where this is wanting, passing into a 
utony structure, or into a semivitreous one corresponding with 
that of pitc'hstone, which latter mtnci*al seems to be nearly 
allied to it. 

6. Trachytic tuff, the principal rock covering the Phlegrcan 
fields, the analysis of which proves that it is, like pumice, 
only a raetamoriihosed condition of trachyte. Thus tuff, pu- 
nuee, and obsidian, are all niudi£cation» of the Hoxna volcanic 
basis ; and all, except obsidian, contain water chemically com- 
bined — ^j'ellow tuff three atoma^white tuff two atoms — pu- 
raicc one. 

Now lava, although commonly accompanied by abundance 
of steam at the time of its eruption, and containing;, even for 
several months after wai-ds," entangled within it a lai'go 
quantity of aqueona vapour, holds no water in chemical com- 
bination, so that the fnct stated with respect to tuff and pu- 
mice shews, that these formations have been placed under 
drcumstauces in some respects different from modern lavas. 
We most, therefore, regard the three former as caused 
by water opei*ating in a different manner from the steam 
M'hicb accompanies a flow of lava, inasmuch as the latter 
never contains any water in a state of chemical combinatioB . 
All tJiese vai-ieties, then, of volcanic products, which Abieh 
haft classed under the general name of trachyte, approximate 
to granite, in the circumstance of containing a triailicate of 
alumina or of some corresponding base, and hence may be 
supposed to be more immediately derived from the latter rock, 
Uian other igneous fonnations are. Novertheless, in one 
variety of it, namely, in the species distinguished by Bendant 
as traehjlic porphyry, quartz is present ; and, accordingly, 
this modi6eation would seem to present the nearest approxi- 
mation to gi'anite, the chief difference indeed between the 
two being the partial substitution of glassy felspar for ortbo- 
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klaae, minerals of annlo^us constitution* thougb of diiTereut 
exteraal characters, and with different relative proportioDBof 
thio two alkalies present in them. 

In trachytes, properly so called, there would appear to 
have been such an accession of alkali and of earths, that ttiu 
whole of the sil ica entered into combinatiou. and cunsequeiitljf 
no quart?, exitits in the roclc. 

But when we pi'oceed to the lava currents which have boeo 
emitted from actual volcanoes, or to the analogous trap for 
mationa which are regarded aa the effects of submarine enip- 
ttons, we Gild a still further diminution in the proportion of si- 
lica, indicated by the Bubstitution of labradoritc for orthoklase, 
or, in other words, the presence of one atom of felspai* in- 
ftteod of three, coupled with that of homblendo or angite,* 
in both which minoralK the silica bears a still smaller prD- 
portion to the base with which it is combined. 

In these last minerals two new elements also make ihelr 
appearance, which are seldom or never present, except in 
small quantities, in finite or in trachyte — T mean lime anil 
magnesia ; thus evincing already a change, either in the na- 
ture of the igneous operations, orin the materials upon which 
they were exerted. 

Thus the modern lavas of mount Etna have been detei*- 
mincd by Jjowef to consist of an intimate mixture of labra- 
dorite and of augito; and a lava which had recently flowed 
fivm Sti*ombort was asccrtnined by Abich to possess the same 
composition. 

Greenstone, or dolerite, is composed of nearly the same 
materials, its compactness being merely the effect of the 



^^B * Horr.Mbnds In R Bl + R^ Si', wh«re R Is gA&crftlly lime, bat Mmot^^^H 
^^f protoxide of iron, or soda ; and H^ In geoerally magnesia, but ftoraotimM J^Hj 
loxlde of Iron. In some hornbliMuli.'S the sillcft s«cmB to te partially rnplnc^i 
by alaniioa. Jiovtdorf. Auglta i» li^ HI", where K is either limv, nutgoeKia, 
pratoxitio uf irun, or |irL>loxidi> of magncein. The silica is Bomctiines rcjilaccd 
by nlamins, an ta the cnec aUo in hornbleoile, Sco Kaminelsbci^'s DicUonftry 
of Mineralogy, Itrrlln, 1841. 
t Janesua's Jounial. 1937. 
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Ifreater presstipo to which it was subjected dnring the act of 
cooling. 

Abich, however, has found it necessary to distiiip^uish a class 
of formations intermedtato between trachytes andgrccnetones, 
wliich he clenominHtes tracli}'tc-dolerite. To fhtB he refers 
the rocks which encircle the peak of Teneriffe, those of one 
of tho volcanoes in Kamschatka, of the little cluster of iHlandn 
between Llpari and StromboU described by Hoffmann, and 
above all the material which constitutea the Monte dclla 
Crocc, the central cone of Rocca Monfinn. already alluded to. 
Abich considers the felspar present in this rock to be oligo- 
klase, which, by reference to tho table, will be found to be a 
bisilicate, and the many green specks of nugite which per- 
vade it indicate a further change in the composition of the 
mass, and a nearer approach to greenstone. With this latter 
material, which, as we have seen, is a compound of augite 
with one of the species of felspar poorest in silica, the rock 
called basalt must not be confounded ; as in it we may re- 
cognise a still further step in the elaboration of the conali- 
tuents, this substance being composed of an intimate mixture 
of angite and magnetic iron with a mineral of the zeolitic 
family. The composition of the latter is such as to imply 
that it may have been formed out of labradorite with the ad- 
dition of water, the presence of which in all zeolites is the 
cause of that bubbling up under the blowpipe which has oc- 
casioned them to be distinguished by that general appellation. 
"We perceive a similar change in the rock called clinkstone, 
which has been shewn by Gmelin to be an intimate mixture 
of glassy felspar with a zeolite. 

Thus, as we proceed towards the more modern gi'oups of 
volcanic fonnatioa3, we find new in^edicnta successivLdy 
coming into play ; first, the alkalies increasing, then lime 
and magnesia becoming part of the constitution of the mineral 
ma3s, and, lastly, water entering into combination with the 
earthy materials. 

The gradual increase of soda is likewise a rcmarlcable cir- 
cumstance, modem lavas appearing to contain a much largur 
quantity than the volcanic products of ancient periods, and 
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bcnco vBrtous mincrala being produced in which this alkali 
is preduminftnt.* 

These facis may, perhaps, suffice to shew, that the ori^nal 
material out of which vulcaaic rocks of whatever age hare 
been elaborated, waa of a granitic nature — a strong confir- 
mution, as it appears to me, uf the old opinion, that this rock 
stands lowest in the series of formations, and serves as the 
foundation upon which the rest repose. 

The same circumstances may, likewise, be alleged as proof* 
that the igneous operations actually going on are, in many 
respects, different from those which produced the primeval 
granite ; to which conclusion we shall also be led, by consi(ie^ 
ing the differences that exist between the composition of the 
ancient volcanic products of the Monte Somma, and those 
resulting from the operations of Vesuvius at the present day. 

Thus, if wc go back to the period when the materials whidi 
constitute the tuff about Naples were ejected, we shall find 
that pumice was then one of the principal products ; whereas 
it 13 now never found amongst the ejected masses at Vesuvius. 

Now, pumice has been shewn to be merely an altered con- 
dition of trachyte, and not to be derivable from felspars ao 
poor in silica as labradorite, or anoi'thttc. Moreover, M. 
Dufrenoy has ascertained that the lavas of Monte Somma 
are almost unattackable by acids, whilst in those of Vesuvius 
ihc pnjportion of the soluble to the insoluble jKirt is in gene- 
ral about as fuur to one. The former lavas contain a larger 
proportion of potass, whilst iu the latter soda predominates. 

It is also a well aseei't^iined fact,t although disputod in an 
English work of authority, that this volcano was formerly 
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* An NfttTiiIito, yepheliuo, ThDUBonite, Ac. 

I Vur Uib I nevA not go furltier tlioD the Gulil* de yapoll, alrftaily quoUxl, 
the giJolo^cKl portion of which vrui contributed by Professor Scscchi, a v«ry 
actfurftte mineralogist, who ha> dono a vcrvlce to Ktenoe, not only by the dl*- 
«»very of many now (pedes at VMUviua, but also by Identifying several of tboM 
wliif-h Itlontioelli had created with roliataocat provlously dUcorervd. From hit 
ciiiiiniTaiiiiii of the mlooraU found abodt Veauvlov, it will b« perooived, that, 
Milb tlie exoc|>Lioii of l^I>|>ar, anifltc, hornblende, and bricalaltitc, they all ap- 
peal- to ba derived fh>m tb« extinct volcano of Monte Sontnu. 
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mnch more prolific in minemla than it uppBarn to be at pre- 
sent, very few. at least out of the large number of spciio«. 
found within the rang© of Veanvius cxiAting in it.«* nio<lci*n 
lavas, whilst they abound amongst the ejected masses im* 
bedded in the tuff of Monte Somma. 

Having now endeavoured to trace the particulars in which 
the processea of aa ij^ieoua character goinp on at the prc^itent 
day differ from Uiosc which gave rise to the rocks commonly 
called phitonic^ I will next briefly consider which of the com- 
monly received theories of volcanoes ia most reconcilable witli 
the phenomena which have just been pointed out 

I may remark, in the ftrst place, that there are only two 
modes of explaining volcanic action, which deserve a moment^s 
attention, when viewed by the lights of modem science- 
One set of philosophers, inferring fi-om the oblate sphe- 
roidal figure of the globe, that it was once in a state of fluidity 
from ifjueous fusion, and, a^^ain, presuming, from the increas- 
ing temperature observed as we descend deeper and Jceper 
into its recesses, that it may retain enough of its heat at the 
present time to be preserved In a state of fusion below cer- 
tain depths, propose a very simple mode of eiplainmg the 
wolution of melted matter from volcanoes, by attributing it 
to the contraction of the crust of the globe upon it-s fluid 
contents, by which a portion of the latter is from time to 
time expressed nt the points of leaat resistance. 

Others, considering that all the matters ejected from a 
Volcano contain an inflammable base united with oxygen-— 
that the latter need not be supposed to have been present in 
the inteiior of the earth in qimntity aujhcient to combiuc with 
all the principles for which it could exert an affinity — and, 
therefore, that these bases may, without violence, be supposed 
to exist in an unoxidizetl state at a certain distance from the 
fiurfuce — have pi-ocecded to shew, that, as»unung such to bo 
the fact, all the phenomena of volcanic action may be ex- 
ylaiued accoi'ding to the received principles of chemistry, by 
the access, first, of sea water, and afterwards, of atmospheric 
air, to the interior of tlie globe. 
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For, granting that no other of the baaes which enter into 
the cumpositiun of lava would inflame oa the approiicli of 
water, the metaU of the alkalies, at least, which constitot* 
Bomeiimes as much as one-tenth of the entire bnlk of tbe 
ejected matter, wuuld certainljr do so, whence must result n 
considerable evolution of hydi'Ogen, and a generation of Iieat 
sufficient to cause all tlie unoxidizod substances m the vitinity 
to unite with the osvj^n presented to them. 

But, without entering into a complete exposition of lliil 
theory, I think it must on all hands be admitted, that if its 
relative merits arc to be decided by its capability of explain- 
ing the phenomena^ it may fairly claim the preference OTtr 
the rival hypothesis. 

If, indeed, we assume that the globe was once fluid, aiA 
take for granted that it still retains a suHicionily high teto- 
perature to preserve its original flnidity in the interior (al- 
thongh the slight depth to which we have yet penetrated 
hardly justifies us in speaking decisively as to the state of 
thing^s which may exist below a certain depth), there is evett 
then but one phenomenon of volcanic action, which, so fat 
as 1 know, can be fairly deduced from the.se premises, namely, 
the protrusion in certain localities of melted matter from the 
surface. For the ejection of fragments of rocks, the evolu- 
tion of steam, and the disengagement of various gaseous com- 
pounds, are phenomena of which this hypothesis seems to give 
no account. Nor does it seem clear, why the lines of least 
resistance should be found almost invariably near the sea, or 
why, indeed, they should occur at all underneath the bed of 
an ocean, whore the controlling pressure must be even greater 
than it is in the midst of our continents. 

Accordingly, most of those peraous who profess to hold to 
the theory of central heat, in reality combine with it some 
hypotheBis Into which chemical considerations enter. 

They explain, fur instance, the evolution of steam, and of 
muriatic aci<l, by the access of salt water to the spots where 
this melted matter is supposed to exist, by the rhemical ac- 
tion of which tlio muriatic acid is separated from its base, 
and tlic water converted into steam. 
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By thta addition to the theory, we advance, indeed, one 
Btep towards tho solution of tho problem ; but there will still, 
I conceive, bo a difficulty in explaining other of the connected 
phenomena : such, for example, as the generation of ammonia, 
which so ofteu is present amongst the products of a Tolcano ; 
the evolution of air usually deprived of its oxygen, which bears 
witness to the existence of Bome pruccHsca of oxidation going 
on underneath ; and, above all, the escape of inllaumiable 
gases, into which hydi-ogen enters as a constituent. 

With regard to the first of these facts, the generation of 
ammonia cannot be disputed, although the amount formed 
by volcanic action may still remain a matter of surmise. 

Those, however, whet, with Baron Liehig, deny that gase- 
oua nitrogen la capable, on the surface of the eai-th, of fonii- 
iagany diretrt combination with hydrogen,* may be less in- 
cliikod to condenm the hypothesis, with reference to this 
subject, which I have tbi"own out in a foi-mer publication,! 
Mill which assumes, that the qiiantity so formed was once 
Tery considerable, as it traces to volcanic processes conned 
on in the interior of tlio globe all the ammonia wliich would 
be requisite for supplying the first plants with the nitrogen 
Uiej must have contained ; just as others have imagined all 
tlie carbon necessary for the primeval vegetation to have 
Won derived from carbonic a«id arising from the same in- 
ternal soui'ce. 

At least, however, even those who refuse to go with mc up 
to tliia point, will admit, on the faith of tho evidence which 
I have adduced, the second fact noticed, namely, the extrica- 
tion of nitrogen gas, either pure, or with a small admixture 
of oxygen, from thermal aprings in general ; since, amongst 



* In confirmation of tkii>, it niuy W uUtutl, thai I hav6 vulnljr attcinptod to 
iorm amnionirt 1>y dcoom^iOAlng vintar in sn almofl^licr^ Lif nitrogen gas, through 
the sgenc}' of n niGtal liko potaH>lum. Yot these Ivto LUtsmeiibt unUc t-eodlly 
when ItMK urti in «• nascent stale, ug in the common, exjici'iment uf ]iraducing 
uiiTTicnla 1}} tho nction of illlutc^l nitric ocIJ on }jowi]Qrcd tin. Ilotico it may 
be Inferred, that, inidor n liigh prcasnrp, Huch O-t may Onii^t in the Inlurior lyT 
tlu- glub«, a onioD betweiMi these lw<> clement^ would takp place. 

t Thn» Lectures on Agriculture, [mge 97. 
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ihe whole cxtcnBiTe catalogue of those* cited as having hwn 
personally rxamint'il by myHclf, in vnrioua parts, both of 
01(1 and New WorlJ, scarcely one could be fixed upon wl 
does not present this phenomenon, excepting, indeed, a 
in the island of Ischia, the origin of which is manifestly 
thing else than the rain water, which had collected in ii 
ternal reseiToirs at a small depth beneath the snrface, 
hod then become heated by the rock, still partaking of 
high temperature it had acquired by recent volcanic 0|« 

tiODB. 

And, with respect to the last fact mentioned, it ia one m 
inexplicable by the mere access of water to an incandescent 
body, already saturated with oxygen, such as lava, that tlic 
opponents of the chemical theory have no otiier resource tbafl 
to deny its reality. 

" If inflanuiiable gases were present," they say, 
would burn on coming Into contact with the air ; and he 
flames would be comm:on1y aeen issuing from the orifices 
an active volcano. 

" Sut the appearances which have been taken for fiamen 
turn out to be illusory, being due merely to the light radiated 
from the red-hot atones ejected, and not derivetl from gaaeoua 
matter in a state of combustion.'* 

Now, that flames should not be of ordinary occurrence in 
volcanoes, may be explained without much difficulty. 

In the caverns and fissures through which the gases evoWed 
had to pass before they reached the circumference of the 
earth, and escaped from the orifice of the volcano, they must 
often come into contact, either with oxygen, or with oxidi/.eil 
bodies, from which they would be able to abstract the same 
principle. In both these caaes, the hydrogen would recombine 
with oxygen, and retui*n to the focus of the volcano, as water. 

But supposing oxygen gas to be absent* or not to exist in 
sufficient quantity to unite with all the inflammablo matter 
evolved, the latter would, in most cases, be accompanied with 



* See, for those in tlip (IM World, Kepnrt on Mineral Wators, Br. AawwUt. 
ItRporbifor 1836; for IboHi^iii Iha New, my l:^ketcboftli«Gct>Iog]rofN. America. 



voluiiiL-s of Kteam, aa aluue must prevent it from enter- 
into combustion when it came into contact witli tio cx- 
lenuil air ; for it is well known, from the researches of Davy, 
Vh&t a certain [ler-eentage uf any unintlammablc gas or va- 
■pour prevents such bodies from taking tire. 

It is, tlierofoi>2, far more ea^sy for the advocateB of the che- 
oiical theory to acconnt for the general absence of flames 
»lK»ut the orifices of itctive volcanoes, than for the supporters 
of the contrary h^'pothesia to explain their occasional pre- 
Kttce ; and that they are itometimes observable eccms to bo 
■ow ascertained, not only fi*om the testimony of Sir H, Davy 
fciinself, who states that he observed at Vesuvius, durin/5 a 
BDall eruption, the existence of a real jet of flaniti, and that 
of M. Elie de Beaumont, who assures ub of the same foot, 
fe witnessed by himself at Mount Etna, but more recently 
b^ the observations made by Professor Pilhi of Pisii,* who 
Us given us a circumstantial account of three several oc- 
currences of this kind in thp years 1833 and 1834 at Ve- 

BDViutt. 

My own persuasion, therefore, is, that hydrogen gas, de- 
rived from the decomposition of water, moat generally in 
coiubinaiioQ witli sulphur, is evolved in enomious quantities 
from all volcanoes, bnt that a comparatively small proportion 
*)fit usually finds its way upwards to Uio surface : since, if 
wlphurous acid be present likewise^ the two gasea will de- 
eompose each other, so that only the excess of the one most 
abundant will remain, and if it meet with oxygen in its pro- 
gress upwai-ds, it will combine with this principle, and water 
Kill consequently result. 

Nevertheless, I hold that the sulphuretted-hydrogen which 
impregnates the mineral waters in various ignigonoas, and 
even in certain primary districts, is derived from some ^<A- 
i&aic focus ; I am inclined to believe, that the beds of sulphur 
net with in various parts of the world, where igneous agents 
have been at work, as in Sicily, owe their origin to the deoom- 



■ Sw bia " Diioorm upra \% produxlane delle &Amme nei Vuluoi, A»r^" read 
U tlie Fifth itttlian Scientific Congress, faald in 1843, and tniDiUted in Jame- 
mmi'a Journal for Ajiril 1844. 
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position of Bulplmretted-hydrogen disengaged from the saaie 
source ; and coucludc, therefore, that it is not unri*e<]uonUy 
evolved from the orifices of volcanoes, although, for tlie nnHt 
pari, prevented from inflaming by the large intermixture of 
aqueous vapour which usually accompanies it. 

But without entering at this a*lvanced period of the even* 
ing into a general discussion of the question, I will merelj 
point out to you, how completely this theory squares 
the ninnucr, in which 1 have shewn the several pi*oduc 
volcanic action to be successively produced from the cootiti* 
tuent^ of granite. 

We have seen that these changes of form and structw 
liave been produced by the addition of lime, magnesia, pofAO. 
Bodo, oxide of iron, water, &iJC^ to the mica, quartz, and fel- 
spar, present in the original material. 

Now it is evident that, besides tlie water, only one of these 
bodies, namely, the soda, could have been supplied in soffi* 
cient quantities by the sea ; the access of which to the focuB 
of the volcano there are no many reasons for supposing »B 
immediately exciting cause of the opeirations we witness. I^ 
it not, thereforo, reasonable to suppose the other constituents 
to have existed in their unoxidized state below, and thus to 
have contributed, by their subsequent oxidation, to the pW* 
duction of tiie high temperature, as well as to the generatioD 
of those inflammable gases which arise during the process ! 

Again, it is not an tmimportant circumstance to remark, 
that the iron found in lavas and in trap is usually magnetic, 
or partly in the Htate of protoxide ; whilst in granite it exists 
wholly as a peroxide. May not this pai'tial change from pei>- 
oxide to protoxide be brought about by the action of the 
hydrogen disengaged, and does not the presence of protoxide 
of iron sufficiently explain, why none of the more oxidizaUe 
metals are even found in lava, except saturated with oxygen ? 




* This Ib alleg«d lij Dr •Tohn Dftvy, w ■ circumntanco which oponifed oa hw 

broUicr'g mioi) in inducing \t\ta, tOWKi-da the rluec of liis lifp. U> nbnndon Uio 

ch«iniciil theory, t <.'anDu>. however, agree with liira in Uiinkmg, that Iho pre- 

MsiK'C uf potiiwium, Kodiunt, ur even calcium, nmrnigNt the ejCcUanaof ft Tolcaao^ 

to be expw-ttfd Kccoriling to the conditiuoa of thii hypathflaU. 
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These constdcratioDS, if they do not persuade yon of the 
tnith of my hypothesis, may at least plead my excuse for 
hviii^ ventured to maintain it, even ihouj^h it be one which 
IS to have been repudiated by Sir H. Davy, and which a 
slogist of repntation once, I think, atij^atized, by deaig* 
luting it as smelling of the laboratory. 

''ith respect to the fomier ground of discouragement, I 
lave already given my reasons for not regarding it as abso- . 
lately fatal ; and with i*eapect to tlie latter, as we all, I hope, 
in the nineteenth century, are aware, that modem chemistry 
IB not confined within the limits of the apothecary's shop, I 
consider it the higheat testimony in favour of any geological 
theor)', to be able tu say of it, that it has been submitted, to 
, the severe ordeal of chemical investigation, and has not been 
j found wanting.* 

In conclusion, then, I will remark, that my visits to 
Naples have afforded me the materials for laying before you, 
on this and on two former occasions, a sketch of the pheno- 
Hwna presented by the three great volcanic systems which 
«iiat within the compass of that territory, and thereby, as it 
*} happens, exhibiting a picture of aS many different phases 
*3i^coudition8 of igneoufl action, exemplified in the localities 
*liich I have successively brought to your notice, namely, in 
'lie countr}' immediately round about Vesuvius, at Mount 
^uUor, and at Rocca Mon&ia. 

le first of these localities exhibits, no doubt, the most 



r'On this sulij^ct, however. It behoves mo to Ipcak with soiric i][IIii1<>nce, Tvben 
I Uie contrary amintatnod liy hq einineat a chemliit u ProfcMor iiiecliof of 
Bonn. All I can sflj- is, WmI tb« objpctionR he had orl^lnnlly put forth to thU 
klpothetis have been aninvpred, in a mimtier whicli, to my min J at Irnut, appeared 
MticfiKtory, In .TamoBoa'd JuiirnFil for April 1830. The Profossor, however, 
btving, in hU infinniir ■>» tho Nntiirnl Ilinlory of Vokanuos and Karthqasitej, 
jmblisbpd in tlin mry nivmr tiutnljirr rjf that .Tti<irn)il, reiterated som* of them, 
Ud added u fow othur rornnrki:, I will rofrir to thn Appendix for& stAtrm^Dt of 
|ii« groundf on which 1 cam-five my original views to remain still un»hiLk«n ; 
litbough it may he. Muggniiti^I, ttiat i\iv. Profr.iuKjr's remark* refitrrcMl to must, 
hm tb«ir ilat«, havo httcn writtvn hrforo be roulit bnvo seen my reply to hia 
memoir. Sm Appendix. 
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striking, the mOAt varied, and, perhapB, altogetherr the moftt 
instructive series of phenomena; inasmuch as it has conati- 
tnted a permanent vent for tlie products of the chemimi ac- 
tions going ou in tho interior of the globe, ever since tlie ces- 
sation of those kindred phenomena which we read of as {^.v- 
ing been displayed formerly within the compass of the Plile* 
grean Fields, and which had rendered that distriet au ohject 
of terror to the early Greeks, — invested their inhabitants, the 
Cimmerians, with a kind of va^m and mysterious awe,— and 
led the ]K>ets to place the entrance to the infernal regions 
amongst their caves and forests. 

But our knowledge of the subject would be incomplete, if 
we did not extend our observation to such mountaius as 
Mount Vultur and Rocca Monfina. 

In the former of these we perceive a volcano which wm 
extinguished, as it were, by the very throes that accomp&- 
nied its birth ; for the volcanic energy which heaved up tlie 
materials of which tho mountain is comiHJsed, and produceil 
a crater in the midst of it, seems to have been expended in 
that very effuri, and never afterwards to have exhibited any 
signs of vitality, either by emitting streams of lava or qeo- 
tions of scorite. 

It is an example, therefore, of a simple crater of elevation, 
not converted, like Vesuvius, into a permanent volcano, by 
having become the vent for succesaive eruptions of igneoiM 
matter at any period subsequent to its formation. 

In Rocca Monfina, on the other hand, we are enableJ to 
observe the precise agents which Nature calls into operstiont 
for the purpose of elevating volcanic hills in general, whether 
the latter be destined to remain merely as monuments of 
what she had accomplished at a distant period of time, or to 
serve likewise, in after ages, as chimneys for her Bubten* 
nean laboratory— the trachytic rock of Monte della Croce 
being here seen actually protruding through the crater, in 
the centre of the mountain, which it no doubt contribute^''' 
upraise. 

Rocca Monfina also appears to have given off one, if ■"' 
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two, fftreams of lara ; but the volcanic proceBses would seem 
to liave soon been transferred to some other quarter^ as, from 
a praiod long antecedent to historical records, it has sank 
into complete inactivity. 

Thus we observe, in these three mountains, three succes- 
sive developments of volcanic activity evinced, — 
Xatt In the elevation of an entire mountain. 
2dj In this elevation being accompanied by the protrusion 
dt a frachytic rock through its centre. 

3d/y, In the elevation of a mountain being followed, after 
ft long interval of apparent tranquillity, by the establishment 
of a permanent vent, through which lavas, fragments of 
ndu, and elastic vapours, continue from time to time to be 
discharged. 

All tiiese, however, are derived from subaereal volcanoes, 
having been formed on dry land, under no greater pressure 
tium that of the atmosphere, and are, consequently, of later 
^te than the beds of tuff which are spread on all sides 
^ond them, the latter being products of the action of vol- 
«ttoea which existed when the country was yet under the bed 
of file Mediterranean, and, consequently, being modified in 
their characters and structure, by admixture with the sea- 
Hter in which they appear to have been deposited. 
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Ihefltiitliin of lljifClaM*,-!!, 



1st Clui. Stllcfl alose 



Sd — SlUcH United with fe single Base, 
biLvtiig I Atom of Oxygen ■ 



Sd — Silicft tmited-nith a single B«ee, 
tidvitig I J Atoius of Oxygea 



4tb = — Silica oniterl with acFeral Bases, 
bU wiLh 1 Atom of OxygiiD 



Stfa -^ 8Uka united witli aaveral Bases, 
all ■witt 1 i Atoma of Oiygea 



*6th — Silica united with eeveral BaBEs, 
ligth witli 1 ^TiA 1^ Atoms of 
Oxygen 



?th — Silicates united with Aluminutea 



Stb ^— Sill<:&ti3a united with other aalta 



symbols 

rajjTc^enUng the 

ClkiM. 



. { 

)Si { 
Isiu I 

Isi k + Si r| 

),.. .„ f 
Si R-f Si H I 



jaa+i K 



BiK+AlQ 



^DbcJVIM. 



Widiitat w&t» 
Witti wfctet 
Without wster 
With wfcter 

Without wtt«F 
With water 
Without wmtei 
Witt water 
Without waifl 
With water 
Without waW 
With water 
Withoitt water 
With water ' 

With Sulphtttea 
With FltiorldM 
With Borates 



* Ab the minerals comprehended under this class are numerous, the sub- 
classes are again subdivided according to the proportion which the silica in 
each of the two binary compounds of which the mineral consists, bears to the 
bases with which it is united. 

Thus the subclass without water is divided as fcdlows : 
let Division. Both Silicates neutral — example, Albite. 
2d — One Silicate neutral ; with one {—example, Spodumene. 
3d — One Silicate neutral ; with one \ — example, Ryakolite. 
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mples 
Class and 
■claaa. 


Symbol of the Hinend. 


1 


si 




Si + H 


ipar 


Ca» Si* 


:haam 


MgSi + H 


s« 


Ai» si 


t 


Al« 8i*+6H 


) 


R' (vii. Ca; Mg ; F«; Mm) Si* 


lyllite 


R» 8i*+6H 




BeSi*+2Al8i» 




R»CAl;'Fe)8i»+9H 


r 


RCK;Na)Si + AlSi* 


pe 


R' (Ca; Mg; Fe; Mn) Si + R (Al; Fe; Mn) Si 
R(Ca; Na)si + Ar^ + 3H 


Jtone 


2R» (Ba ; K) Si* + 7AI Si* + 36H 


ite 


SAlSi + Fe' Al" 


6 


Ca' SiM 3A18i + 2K8 


>Iite 


4AlSi* + KFl"+2LiFl 


aline 


RB + Al'^ 



vision. Both Silicates } — example, Leuq^te. 

— One Silicate § ; one i — example, Scapolite. 

— Both Silicates J — example, Epidote. 

— One 8ilicate ^ ; one ^ — example, Lievrite. 

— One Silicate ^ ; one ^ — example, N'epheline. 

— Both Silicates } — example, Petalite. 

— One Silicate | ; one J — -example, Murchisonite. 

.e same is the case with the subclass containing water. 




Appenoix II. (Fugo 236.) 

Abich't Obtervations on the formation of Obitutian and Pumi<M. 

Tile mode in which putnico and obsidian have been rormed, cu> 
oul}' be cleared up, through » mure exact ACtutiny into the* nature of 
the Tolatite materials whirh both these bodies, in greater or less 
quantity, c«>riUiiii. Ilui))tx>ldt and others have remarked upon tlie 
swclliitg uut whicli certain obsidians undergo at a whit« heat, nn<l 
huro found a great difTurenco, in this respect, to exist between spe- 
cimens taken from difTurent locaUties. — Abicb has furthur asoei^ 
tained, that the poorer in silica, and the richer in alkaline bases ob- 
sidian is, tho more, in short, its composition approacheb to cUnkstont, 
the more readily it may he mad*) to pat^s by heat into the condHion 
of puinice. 

It being admitted that tho immediate cause of the ohange is tlu' 
extrication of some vulatilo prtiiciplu, tho nature of thU latter be- 
comes the next bubji'ct for inquiry. 

Abich found, that, in order that the mineral should swell out into 
a porous mass, it must bo submitted to heat in lumps ; for, if it be 
in powder, ic does not undergo any such tumefaction by exposura W 
a high temperature, but only clianges to a dark red or browii colour; 
limning, (luring the process^ twice as much weight as the same io& 
ilune in lumps; from whcoh it would appear, that only a portions 
tho^c volntilo ingrcdicikts which oscapo from the powder is, in tiiu for* 
mer cuso, diucngaged. 

By comparing tho analysis of obsidians with that of pumices ob' 
taintd from tho same locality, it would appear, that although tb0 
sum of the alkalino bases is in both very nearly the flame, yet thi* 
there is more potass In obsidian, more !ioda in pumice, — the increase 
in one alkali corresponding with the deficiency in the otJier. 

This might iewl one to conjecture, that, during the formation o{ 
pumice, a certain amount of potass was dissipated, and a pro|)ortton 
ate quantity of soda introduced from without, and that, from the dis- 
ongagcirioiit of tho fot-mor, tho cellular condition of the mineral might 
havo resulted. 

It will be readily supposed, that both obsidians and pumices art 
"hvn very widely diflferent one fi-om the other in their constitution, 
utid that amongst the latter the darker and more cellular varieties mar 
arise from a predomitinnc^ of t^urthy and alkaline bases, the whit4 
and xilky -too king kind from a larger amount of silica. 

When fcUpathio rocks, rich in alkali, pa»i> into a state of fuftion ia 
the preseuiio of somo earthy base, the latter displaces a portion of Um 
alkali, and tlius ciuscs tliu nmn'n to tswcll uut. 

It is worthy of remark, that chlorine and water are present in all 
pumices and obsidians, and that, from many, certain inttammablo 
gases are aUo ditteiigugcd. This latter fact, indeed, has led some 
fliemists to imagine, tliat the ccjilularlty of pnmico may have beea 
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kused by a (lisengAgeraent of carbureted hydrogen, derived from 
le bitumen which Knox diiwovered in cerUtn ubsidians ; but tUiy 
hDUot be the case, as the prc^yciice of bitumen h uu cxceptiou rulhur 
!iau the rule. It is mure probublu, that the furuiuiioii uf pumico ia 
unnected with the diiwngagement of chlorini', durivcd from sea-salt, 
hich may be decoinpos4?d by the heat, its soda being seizt^l Upon by the 
lineral, and entoriug, as before explained, into its conipositicm. — -A 
ortion of this chlorine, howerer, adhorcs most tenaciouttly to the mi- 
eral mass, which is proved by the fusion of pumice into glass. aN even 
len it retains a portion of this volatile ingre*lient. With respect to 
bsidian, Abich conccivci^, tliat ihti greater and more continued llie 
►russure to which tlio melted material has been subjected may be, 
he greater tendency will be shewn by ihc niaiiii. both tu assume a 
tony i-ather than a vitreous texture, and to form definite and distinct 
Dinerals, rather than ono homogeneous amorphous compound. Hence 
ram the same material lithoido lavas may be produced un<]er pres- 
lure, vitreous ones in the open air. 

Appendix IIJ. (Page 24".) 
On tJte Chemical Theorif of Voloanoes. 
Professor Bischof justly observes, " that the close connection be- 
ween volcanoes and hot spring* would Lmd us to refer both lo tho 
(ame causo." " But." he continues, *' thermal bpringa are too uni- 
rereally distributed to be accounted for by chemical processes going 
ftn in tho interior uf the globe. They seem to occur everywhei-o where 
the water rises from a great depth. They ninst, thorefoi o, be attri- 
bnted to the high temperature which generally pervades the interior 
df the globe." 

Tu this I wijuld reply, thut nu one queytioiui thatlhtj high tenipe- 
raturo of u spring is aci^uircd immediately fruni that of the rock from 
whence it pi*oceeds, or supposes the rock, when it Uos at a distance 
from any volcauo, to derive its heat from chemical procMiKes takinir 
place within itself. From a mineral mass so circuniKtanced, as well 
as from a water simply thermal, we can collect nothing which should 
lead us to give tho preference to cither theory ; it is only from ana- 
logy, that the heat either of the one or of the other can be explained. 
But more comuiouly, hot spring.s, IJko volcanic eruptions, are accom- 
panied with otht^r pruducty. vkhich ijoem tu imply the existence of 
tliemical action ; hot springs, for instance, with carbonic acid, snlphu- 
rutted-hydrogen, and azoto, — ejections of lava, with steam, muriatic 
teid, Bulphuretttjd-hydixigen, and anmionia. The carbonic acid, indeed, 
aight be evolved from limentone, owing to the mere access to it of heat ; 
Uit 1 cannot agree M'ith I'rofes^ur liischof in attributing the sulphu- 
ti.-tted-hydrogon to a decomposition of sulphates by urganiu matter. 
Sulphuric (salts ilo not occur in tho majority of these springs, and the 
smnll quantity therein existing of baregine (the only organic matter 
*liich in present) appears to be generated after the water has reached 
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the surfiee. Neither cao the almost coustant escape of azotic gube 
aooounted for, without iiupposing some process of ozygonatioQ to I* 
going on in the interior. 

Now (IiCfW springs usually make their appearanco, whero other 
evidvncit) of rolcanic acUoii oro exhibited, in tho disilocaliuii and cUra- 
iwn of tlie surroonding strata ; and the latter pfaeoomena occur » 
extenfiiToly over tho earth'^s surface, that volcanic operations, if »■ 
aumod to bfl their cause, may have been widely enough diiiti'ibtited O 
produce a general inrrease of temperature throughout tliat zone ta 
the interior of the globe in which (hey are carried on. What mtj 
be tho condition of the earth lower than this, wc surely have uodut 
for o^corloining ; fur it in uvidont that, if this supposed zone lie he- 
love the level which mining operations have reached, it would it^ 
elevatfi the temperature of all tho&e portions of the earth's crust of 
which we have any cognizance. 

I am, howov(>r, unwilling to dogmatize, either with refipeot to iJm 
general cause of tho internal heat of the globe, or the liuiitfi to nhiefa 
tliis heat may be confioed. 

All that 1 have over sought to prove is, that^ be the existence of 
a central heuL ever so well u:flubli!)hud, itH assumption does not ad* 
vance us towards the explanation of tlie phenomena, either of rolea- 
noes, or of thermal springs in general, and that a process of oxidatiofl 
is going on, often with intunso energy, in the interior of tho globe, 
of adifTeront nature frani that usuaUy occurring on the surface, M 
being attended with an ovijlutinn of hydrogen gas, a phenomeJJOB 
which can bo niot-t readily explained by tho decomposition of wftt«r, 
through tho action ol' tho metals of tho earths and alkalies upon that 
liquid. 

I would finally remark, that Frofessor BiKchof will Qiid his objec- 
tion to the Buppused existence of these bases in the interior of the 
globe, arising from thiMr low specific gravity, answered by anticipa- 
tion in my Reply to Ids fortner pa]>er, as I have there i^hewn that tlie 
specific gravity of one hundred parts of tbo metallic principles pre* 
sent in a msxs of ordinary lava, would ha quite 03 considei*3blfl as 
that of the same amount of those iiame bodies united with oxygen, 
Eo that tlic difliculty, be it finiall or great, which attends the fact of 
tho high fspacific gravity of tho globe, as compared with that of tho 
materials cunipostng its surface, is tbo same tu tlioso who ivject my 
hypolliesis, as to thoiO who embntco it. 

Lest, however, it should be Imugioed that I have attached an un- 
due weight to this theory, or have done raoro thou to advocate it as the 
most plausible acf^onnt tJtat can at present bo givtui of the facts before 
us, I will, in conclusion, extract the remarks which I made, nearly 
ten years ago, in uiy Koport on Mineral and Thermal Springs, un- 
deiiiokon at tho request of the Dritish Association. 

" W« ought carefully to distinguish between that which appears 
to he a ditecc intierence from observed facts, and what at most can 
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higher claim thun tlial of bcbg a plausible conjoctitra. 

"1 occurrence of Tolcanoes in the noiglibouihood of Uie «*», 

It disengageinont of atjueouH vapour and of Mia-ult 

interior, are facts, which establish in my mind a conrio- 

er finds its vray to the scat of the ignooua operations, 

complete as if I wore myfiolf an eyewitness of anoUier 

discharging itself into the bowels of the earth, in ovcry 

tnct, M in the solitary case of Ccplm!onia. 

I the access of atmospheric air to Tolcanoes more «iuciition- 

riliat of water; so tliat the appearance of hydrogen united 

and of nitrogen, either alone or combined with hydro- 

moDih of the volcano, seems a direct proof that oxygon 

ed, by some process or other, from both, 

>g satisfied oor minds with regard to the fact of internal 

we naturally turu to consider what principles can haM 

the interior of the eartli, capable of extracting oxygon 

u well as from air ; and this leads as to apeculftte ou the 

evth£ and alkalies as having caused it. But in ascrlb- 

•■Liia to tbo oxidation of these bodies, wa ought not to 

M ihft B«oonian maxim, tliat. In every weU'eatabUnhed 

■•a assigned should Iw not only competent to eipUin 

but also tnown to have a naiX existence ; whtcli lat- 

we cannot, of course, be affirmed of the lUkaLnQ and 

« occurring in the interior of the earth." 
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ating upon a flOioaoiu saad from Mabaica, 
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of imjiaipable powder, merely adhering to the siliccouB swiJ, 
which wuH ill the form of gniins of Iransjiarent colourleH 
quartz, most of them rounded, having been water-worn : sticb 
waft their appearance under the microBcopc. 

I did not think it necessary to make the experiment on tlie 
change of colour out of the influence of atmo6pboric air, tak- 
ing it for granted that oxygen waa in no wise concerned b 
producing tlic change ; and tbut this is another in&tance (if 
it has not been noticed before) of change of colouring de- 
pending on change of temperature, and independent of lui) 
change in the chemical composition of the substance cxhibtt- 
iug it. 

Trials made en Boila of excellent quality, — dark mooldcon- 
taining very little vegetable matter, — have shewn the sana 
change of colour fi-ora change of temperature, a« the coloured 
sand just mentioned. 

These instances seem deserving of being kept in mind in 
con ducting the exaniiimtion of a soil containing iron, — acoDi- 
niun ingredient of soils, and in the state of peroxide. M*k 
blackening of such a soil should not be considered a satisSu* 
torv proof of the presence of vegetable matter. More deci- 
sive proof should bo required, aiforded by the smell on t^ 
first application of heat, and by comparison of colour befot* 
and after a suflictcnt application to destroy any vegetable 
matter which may be present. 

2. When iron is precipitated by fen*ocyanide of potassiuOi 
in a solution containing alumina, and the latter, without ae* 
paration of thf* precipitate by fillration, is Uirawn dow7i by 
ammonia, the colour of the first from blue becomes brown, 
an if originally precipitated by ammonia. Now, after having 
been well washed, aft«r having been cullected in a filter, if 
sulphuric or any other mineral acid be added, the mixed pre- 
cipitAte will acquire a blue colour; and it ia surprising how 
long after i*epeatt'd washings it retains this property, gradual- 
ly, however, diminishing in intensity of colour. 

Other instances might be given of the power uf precipitates 
to retain a portion of another matter, existing in the solution 
from which they Imve been thrown down. I shall mention 
one only \\\ pailicular. It occuiTcd in examining cane-ashes 
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itained by burning tbe rlried siigai'-cane (after the expres- 
on of its saccboriue juice), uuder the cupper-pans in which 
le juice is crapofatcd, in the common pi'ocess iu use in the 
VeBt Indies of making Muscovado sugar. After tbe ash 
Jtd been acted on by an acid, ammouia was added Xo tbe so- 
utiou formed. Owing to the presence of a little oxide of 
pper derived fi-oiu the pans, the copious precipitate pro- 
luced, conBisting chiefly of phosphate of lime, was coloured 
>right-bb»e, as was also the Bolution after the a^ldltion of the 
nlatile alkali. Kepeated washings of the precipitate, as in 
lie former example, only very slowly diminished the intea- 
nity of its colour ; and after such washing, and standing co- 
hered with water at len.'it a fortnight, the precipitate con- 
tinueil coloured faintly blue, the aupeniatant incumbent 
water being colourless. 

Do not such facta as the preceding, of the retention of co- 
buring matter by certain precipitates, help to eTcpla^p how 
p&rticular minerals are coloured, as opalite blue, imbedded 
in colourless dolomite, and the various colours of quartz and 
of the oriental aluminous gems, some, at least, of which we 
liooir to be formed contemporaneously with tbe colourless 
rock above mentioned ? In accordance with this, I may men- 
tiou, that carbonate of lime, when precipitated, as in the in- 
Mance brought forward of phosphate of lime, from a solution 
Omtaining a little copper, does not attach to it the colonring 
matter, — a single washing on a filter is sufficient to render 
it colourless. 

Tlie same facts regarding the retention of one substance 
silhcring to the particles of another, shews the necessity of 
great cauttnn in deciding that a precipitate is pure, and free 
from any of the fluid medium in which it has been thrown 
down. In the instances noticed of the adhesion of oue to an- 
o^er, the precipitates were not only washed repeatedly in a 
filter, but were also taken fi'om the filter repeatedly, and 
agitated in large quantities of water. 

3. So delicate ii^ the sense of touch, that it may be em- 
ployed advantageously us an aid in cheudcal research. There 
BTe fine clays and saudstonea, very compound, and formed of 
minute particles derived from disintegrated rocks. In the 
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examination uf tliese, evun with the aid of acids and the mi- 
croBcope, it is sometimes difficult to determine wlietUer ihej' 
contain silica or not. In 8ucli instances, the aid nhore nien- 
tioncd may be bud recourse to with :ulvanlage. If a little of 
the clay or sandstone, in fine powder, as abraded by a knife, 
be placed on a slip of glass^ and gently touched — siigbtly 
nibbed wltli a rod of glass^ its end somewhat rounded and 
perfectly smootii — a peculiar barsb sensation will be im- 
parted to the fingers holding the rod, very characteristic, and, 
after a little experience, not to be mistaken. This test of 
silica, in a state of fine division, or of minerals as hard, in s 
finely divided state, may be useful U) the inquiring traveller, 
a slip of glass and a small gloss rod being, with wat«r, nil 
tiiat is required. Provided thus, the geologist may in an 
instant determine, with tolerable accuracy, whether such 
finely-divided silica or hard mineral cuter into the composi- 
tion of the matter examined, even tliough in the form of de- 
Ucuto silicified infus{)ria, microscopic objects, such as occur 
in chalk lu some situatious, and which, to be distinctly seen. 
require to be exposed to a high magnifying power, 

4. Tin, when precipitated from a Haline solution by means 
of a carbonated alkali in the state of carbonate of lime, ad- 
heres in part to the sides of the glass vessel in which the 
precipitation is mode. If minutely observed, it will often be 
found that the precipitate adheres more firmly in somu places 
than in others; and if a slip of glass be immersed when the 
precipitation is taking place, it will be found that one of \\& 
sides is more coated than the other, and that on the side on 
whicli there is most precipitate, tliero it adherea much more 
firmly than to the others ; from one side the carbonate ia 
easily removed, from the other witli difficulty. On both sides 
the pivcipitat*, when examined by the microscope, is found 
in the form of crystals, and most generally rhomboidal. 

Do not the facts mentioned tend to shew, that in this in- 
stance an influence is exercised analogous to that of electri- 
cal polarity t And, is not the property thus displayed of 
carboDate of lime so adhering to glass, that quality on which 
its efficacy as a cement depends? Precipitated from seo- 
watcr by the separation of the carbonic acid by winch it was 
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held in solution in the sea, owing to the higher teniperaturft 
of the shorfa, and the agitation of the breaking waves, it 
constitutes the cementing principle of all the Rnndstones now 
ia the act of forming at the sea-margin in various regions. 
Ahsorbing carbonic acid slowly from the atmoBphere when 
lime is mixed with siiiccousVr shell sand, and properly mois- 
tened, it appears to operate in the same manner in forming 
in time a mass of stony firmness. Wlieu a foreign substance 
is not preseut, and hydrate of lime is converted into carbo- 
nate by the absorption of carbonic acid, then it appears to 
form a soft Utile cuherlng mass of granular particles resem- 
bling chalk. I have found instances of the kind in the pure 
lime-mortar used in the Coliseum, and in the walls of ancient 
Thebes in Egypt. Whilst the moi-tar, a mixture of lime and 
Wnd, employed in the rubble work, of which the Coliseum 
—a combination of arches consiRts — is now liard as stone, 
tfais pure mortar, consisting only of carbonate of lin^p, nsed 
Ma cement for the facing atones of the building, is as soft 
ai chalk ; and the same remark applies to the pui'e mortar 
umiUrly used at Thehes. 
h lu examining specimens of manures offered for sale as 
10, it is desirable to have a ready test of sulphafo of lirae 
irhich it may be distinguished from the phosphate. The 
insolubility of the latter in water, and the modei"ate degree 
of solubility of the former, arc certain criteria- Some time, 
however, is necessary to witness the effect in a satisfactory 
nanner. To obviate delay, I tind the following process to 
inswer well. After well washing the sample under exami- 
nation, to remove tho more soluble salts, distilled or rain 
[water is to be poured on the residue, and a minute or two 
'after a few drops of the solution of oxalate of ammonia are 
to he atlded ; if sulphate of lime is pi-esent, a cloudiness will 
; be perceived apparently rising from the bottom, the cause of 
whicli requires no explanation. 

6. Ammonia, as it is well known, precipitates from an acid 

iBolutioQ several substauces, as alumine, magnesia, phosphate 

of lime, phosphate of magnesia. ITie appearance of the pre- 

[cipitate indicates tolerably its nature, and, consequently, is 

[deserving of attention. The precipitate of alumine alone ia 
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almost transparent, — jully-like, — owing to the excessive nri- 
nuUmesH of its particles, iuilivijually uut uf the liniiU of ilii- 
tinct N-ision, using Uie best microscopes nt pi*escnt construct- 
ed. The preci]tit#tti of phoHphate of lime is less traiiBpartDt. 
consisting »s it does of granuk's of a larger size, and within 
the limitji of miL-roscopic observation. Tbe precipitate of 
phosphate of magnesia in the form of the double ftult ; tbe 
ammoniaco-m«$l:neHian phosphate, is almost of an opaque 
white, being thrown down in cryatala which reflect a good 
deal of light. Though a tolerable conjecture may thus be 
formed of the nature of a precipitate by ammonia, and that 
whether pure or mixed, it will be ripht in most instancffl. 
and of course always when perfect accuracy is aimed at, to 
trust only tci the appearances as a guide to the use uf appro- 
priate distinctive* tests. 

7. If the pulp of the tiunarind, includin^r the iieed, be es* 
posed \fi the air, it remains moist for a considerable time. It 
is not attacTicd by insects, nor does mildew soon form on it 
If it be digested in water, and the solution formed be sepft- 
ratcd by filtration and evaporated, an extract is obtained pos- 
sessing similar properties. It deliquesces in a moiat atmos- 
phere, probably owing to the presence of magnesia in combi- 
nation with one op more vegetable acids, for I have founJ 
this earth in a notable {quantity, in the pulp which I have ex* 
amined. Whilst the entire pulp, and the residue from it, are 
so little liable to change, tJio residue is otherwise. If ex- 
posed to the air, it soon loses all excess of moisture, and ht 
rendered dry. If kept iu water and exposed to the air, it 
Boou becomes covered with mildew. Does not this show that 
the acid and saline matter of the pulp have a preservative 
quality, and are designed for the purpose of presem-ation 1 
The iustanc-e adduced appears to me a striking cue. Very 
many more might be pointed out of similar significancy ; in- 
deed, it ^vould be more dillicult to find an example of the 
contrary. The preservative materials in the vegetable king- 
dom, especially In the instance of seeds, appear to be cliietly 
woody Hbrc, forming husks and shells ; oils, as in the instance 
of certain kernels or nuts, and sugar and a*iid salts in tha 
instance of cei-tain fruits; and, as iu the example uf tlie tauia- 




nd, colloctetl chiefly in the pulp enveloping tlio seeds. These 
Deans frf pi*ef*^rvaiion. we too well know fi'om esperienee, 
.ve uot an unlimited power. Aft*;!* a while the^ all, when 
posed to the influences of the elements^ yield and undergo 
^ange ; designed, nu doubt, tr> promote the end for which 
hey are intended— the multiplieation of tlicir liind. The 
amarind is not an exception. After many weekn exposurr, I 
bund the pulp enveloping its seeds clry and in part uiildowed, 
Bod the acid-extract covered with thick mildew. 

8. When Indian corn (maize) is exposed to the fire, it is 
easily charred, but it is refluced to ashes with extreme diffi- 
eolty ; indeed, it may be said that the rharcoal of this jj^iu 

B almost incomhnstihie. It owe.s this property to the large 
Toportlon of phosphate of ino^esia it contains in conjunc- 
^on with a little phosphate of lime. Tliis is proved by di- 
eting it with dilute nitric acid. The ueid dissoNes these 
Its, and after their removvi], the chaixoal is uicinerated 
without diflicuUy. 

Owing to it* property of resisting the fire, it has occurred 
roe, that this glazed rhorcoal may be advantageously em- 
ployed as a varnish for pottery. It has the properties, in 
the most essential respects, of the admired black varnish of 
the pottery of Ancient Greece and Etniria ; and I apprehend 
Us effect would be as pleasing to the eye as a red gix>und, 
and that it would be equally durable. I hope it may have a 
trial. 

9, When Indian corn is digested witfi dilute nitric acid 
for a considerable time, tlic saline matters above mentioned 
ure extracted,— a bright yelhjw solution is formed. If a solu- 
tion of ammonia be added to it, a precipitate is obtained like 
that of i>lioapliate of lime, consisting, ns seen under the mi- 
croscope, of gruiiulea, and without any distinct crystals, as if 
entirely destitute of the ammonian or magncsian phosphate. 
If this precipitate is collected and heated before the blow- 
pipe, it fuses, shewing thereby that it is not chiefly phos- 
phate of lime; and, if it be redissolved in dilute nitric acid 
and reprecipitjttcd hy nmiumnn, the pre;;ipitat(?, as seen un- 
der tiic microscope, has not the eharactei* of phosphate of 
lime, but of the double magncsian suit, appearing chiefly in 
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crygtals, and not distinctly in granules. The obvious differ- 
ence of circumKtJi lives in the two instances it*, tlmt^ iu tJie 
first inntunce, tbc tiult wus precipituttid from a Hulutiuu coH' 
tainiug some vegetable matter derived from the com ; and 
that, in the latter, it was without, and I may say, unimpedrd, 
by that matter. In the mixed " fusible talculua," as it lias 
been called, consisting of a mixture of phosphate of lime and 
of the ammnniaco-magnesian phoaphate, we often see an 
earthy chalky texture, the stone bein;^ formed in part, or 
altogether, of loosely adhering granules, lieasoning from 
analogy, may not this peculiarity be owing to a cause sacb 
a« baa been supposed to have had an effect in the instnnce 
above descriht'd, viz., being deposited from a fluid containing 
an organized matter in solution, and some of which enters bto 
the composition of the calculus \ And may not the same ci^ 
cumstance be tonneeted with the fact, that the urinary calcnli 
generally are little crystalline 1 

10. Ammonia, as it U well known, occasions a procipitat* 
of magnesia when added to a solution of sulphate of magnesia. 
But, however much iu excess it be added, it does not pr«i» 
pitate the whole of the magnesia ; a definite portion remains; 
a new salt in formed — a double salt, consistine; of the whole of 
the acid in uuiou with the miprecipttated earth, and a portion 
of alkali equivalent to tlie portion of earth thrown down- 
That this is the case, may be inferred from the following re- 
sults. The pvecipitiLt^ obtained by the addition of a solu- 
tion of ammonia to one of sulphate of magnesia, after having 
been well washed in a filt<!r, yields no smell of the volatile 
alkali when mixed with quicklime, nor, when dissolved by 
means of nitrio acid, any indication of sulphuric acid in union 
with it by the test of nitrate of b;iryt,i, proving that this 
precipitate is pure magnesia. If the solution from whenw 
a portion of magnesia lias been thrown down by the volatile 
alkali be evaponited, a salt in a eryBtalline form, deliques- 
cent in a moist, atmosplierc, will be obtained, which ap{>ears 
to have the same pitiperties as the double salt of sulphate of 
ammonia and sulphate of mainiesin. When earefully heatofl, 
it first enters into the waterj- fusion ; and \vben the greater 
art of tlie water is expelled, on slowly raising the heat. 
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ceepiiig: it beluw u dull red beat, a Bllgbt umuiouiuca) odniir 
B first exhaled, aud next fumes of Hulphato of ammonia. If 
he heating process is stoppL'd before the whole of the vola- 
Ue salt is sublimed, the residue is entirely salable in the 
ivater, seeming to prove that tlie prfjportions of the acid and 
lases arc the same n» in the ncutrul Halts. 

Some paradoxical appearances ai*c connected with the for- 
notiuu of this double salt. Thus, as is well known, when 
oagnesia in mixed with a solution of sulphate of ammonia, 
\ strong smell of the volatile alkali is evolved ; the mag- 
kesia separating a portion of the alkali to combine with the 
emainder of the acid. Thus again, even when the carbon- 
|te of magnesia is similarly iidded, the same odour is pro- 
uced in u leas degree, and (here is a slight eiferveseence. 
oiother instance of paradox may be mentioned. If a cer- 
aio portion of aulphnrio a«id is added to a Holution of sul- 
3iate of magnesia, ammonia, however largely added, will 
Kjcasion no precipitate. The explanation of this is obvious. 
The same remark applies to the following : — "When a precipi- 
ate has been obtained by ammonia from sulphate of mag- 
nesia, the volatile alkali btiing in ^*eat excess, if t^nlpburlc 
Held is added, and yet not in sufficient quantity to neuti'aliKc 
he excess, the precipitate will he redissolved. Tho pheno- 
mena are the same, Bubstituting the nitrate or muriate of 
magnesia for tlie sulphate, and using the nitric or muriatic 
kcid 6ar tbc sulphuric, and owing to the same cause, vi&., 
Qie formation of soluble double salts. For purposes of ana- 
lyuB, it may he worth keeping in mind, tliat these last men- 
liontid double salts arc remarkably deliquescent 
Babbadoes, Jfay 1. 1646. 



Origin of the Constituent ami Adtmtitwus Minerah of Trap 
and the Allied Porks. Uy Jamks D. Dana. 

(Conrfnd'-'l from p. 203.) 

7. Bearing upon this subjoct, it should be observed, that 
le constituents of amygdalotdal minerals are, in general, 
loae of the containing rock. Silica, potash, soda, aluminut 



are found in the felsparn ; lime, m^neaia, and iron, in angite 
or honiMeiide ; ii>on and mugncsia iu chrysoltfc Thcftp are 
all Ibc coiistitiiunts needed, except a little baryta, for one 
species. The feUpar decompoHes readily and givea up its 
inj^e<lient8, its putasU or soda, silica and alumina, The same 
is true of augitt and chrysolite, which afford magnesia, lime, 
silica, and iron. With water to infiltrate, we should, there- 
fore, have all the necessary ingredients at hand for the re- 
quired compounds. The fact already ntated, that zeolites have 
been found as stalactites in caverns, scorns to prove that they 
do actually result from decompositions and recompositioDB, 
such as have been supposed. Thus, we have all the condi- 
tions at hand necessary for producing, by infiltration, the 
zeolite and the chlorite nodules of these rocks. The alumina, 
alkalies, and lime, contribute, along with a portion of the 
silica, to the zeulit4;s ; and the magnesia, trou, and another 
portion of the silica, to the chlorite,* often as abundant as 
the former. The amygdaloidal nodules freciuently have a 
green coating, which further indicate the probable tiiith of 
these views ; for it appears evidently to be a preeipit-ate frcHii 
the solution before a ci'ystallization of the zeolites took place 
— a settling, perhaps, of the insoluble impurities taken up by 
the filtrating fluid in its passage through the rock, or of the 
formed chlorite, less soluble than the zeolites. Occasionally, 
when the rock contains copper, these nodules have an earthy 
coating of green carbonate of copper — -the caj-bonate haying 
proceeded, apparently, fi-om the native copper of the rock, by 
the same process as explained. 

The hypothesis of filtration seems, then, to be at least the 
principal source of these miueralii. lu some Instances the 
filtrating fluid may have derived its ingredients from distant 
sources. The salts of sea-wuter may act an important part 
in these changes. Silica is dissolved on a grand scale dur* 
ing submarine eruptions, as we have elsewhere ui-ged, and 
is thence distributeil to the rocks around. Lime, also, is 



* Chlorite codbuU of the Mme «l«tueuta u uigiM or bombleuiie, «zoc]iE Uiat 
the Ihue is excluded and wuter uddwl. Tlie^ arc, nilicu, ^uiuiita. Rttm^tttwim, 
oxide of iron, with I:^ ^'«r cent, uf wKt«r. 
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taken up in a Himilar manner. But- the rock itself ha« often 
afforded the iD^fredicnU for the forming minerals, during 
the passage of tbe filtrating fluid through it. By t^e same 
meaus, the adjoining walls of a aeam or dyke, which receive 
the drainings from tlie rock of the dyke, are often penetrated 
by zeolitic minerals. 

It may be thought that I am giving undue influence to a 
favourite theory, and in the minds of some, these conclusions 
may be Ret down among mere speculations in science. But 
the cii*cmmstances attending submarine igneous action, I am 
persuaded, is not generally apprehended. What is the con- 
dition of the deep bed nf an ocean \ Kven at a depth of three 
miles, the waters press upon the bottom with a force equiva- 
lent to a million of pounds to the square foot ; and with such 
% forcing power above, can we set limits t« the depth to 
which these sea-waters — ^magnesia and soda solutions — will 
penetrate \ Will not every cavera, every pore, far down, 
be filled, under such an enormous presHure \ Let a fissure 
open by an earthquake effort, and can we cnnceive of the 
tremendous violence with wliich the ocean will riisli into the 
opened fissure T Let lava ascend, can wc have an adequate 
idea of the effect of this confl ict of fire and water \ The roi;k 
rises, blown up with cavities like amygdaloid, and will a long 
interval elapse before every air-cell will be occupied from the 
incumbent water f Suppose an Hawaii to be situated beneath 
the waves, pnurtiig forth its ton'ents of liquid rock; — this 
ialand contains about five thousand square miles, which is less 
than the probable extent of many a region of submarine erup- 
tion ; — suppose, I say, the fires were opened and active over 
an area of some thousands of square miles — are there no 
effects to be discovered of this action % There is no geologist 
that pretejids to deny the premises — the fact of such submarine 
emptionsi the ocean^s pressure, the effect of fire in heating 
water, and in giving it increased solvent power ; and why 
should they not reason upon the admitted facts, and study 
out the necessary consequences ? Sm-ely. if there have been 
effects, we might expect to see some of them manifested in 
the cavities of the ejected rocks, which were opened at the 



• 
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time to roceh'e the waters and any depaaitions they might be 
fitted under the circumstances to make- 

We arc led by these considerations tfl another point in 
connection with thin subject — the probable condition under 
which the different amygdaloidal minerals have been formed 
Ilave they all proL-eeded frum lieateJ solutionB, or all from 
cold solutions \ or can we distinguish some which are indubi- 
tably of one or the other mode of formation ? 

Bearing on these questions, we notice »uch facts as are 
afforded by the condition and relative positions of the mine- 
rals in geodea. And I would here acknowledge ray ohliga- 
tions to the valuable memoir, before alluded to, by Messw 
Jackson and Alger. The paucity of information on this sub- 
ject to be found in the various accounts of similar rocks hjr 
other writers, is surprising. Even where special pains haw 
been taken to describe the mineral spocios, the relative pcwi- 
tions of ilie minerals is very seldom noted. It has been 
altogether too common among geologists to treat miocril 
information with a degree of neglect almost amounting to 
contempt, although, as facts will probably hereafter shew. 
they lie at the basis of aji important branch of geologicti 
science. 

But to proceed with the subject before us. We find that 

Quartz or chalcedont/, and dathoiite, very seldom overlie 
other mineral species in geodes or amygdaloidal cavities, 
while the latter often overlie them." 

Prehnite is usufilly lowermost with reference to all the 
species except the two just mentioned. Occasionally it is 
found upon analcime, as at the Kilpatrick hills. 

Analcime is commonly situated below all, except quarts, 
datholite, and Prehnite. 

Of the remaining species, chabazite, stilbite, hannatoin*^ 
Heulandite, .scolecite, mcsolc, Ijaumonite^ and apophyllfta, it 
is more difficult to distinguish an order of arrangement My 



* Tli> writer hrLsulisDi-ved atilbitR, &]H>|)hyllite, i»1<!-«pu-, uid Prohnits. 0^*^ 
tying dBtboltte. &nd various ilp«cie« over Prohnlt*. 
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investigations only cnnble me to atato that chabozite is usu- 
ally covered by tlie rest (when associateJ wltli tbem)t yet it 
is sumctimes supcrimpoaed on slilbitc ; and apopbyllitc is 
ftlmost uniformly above all with which it maybe associated ; 
calc-f*par ik at different timcH above anil below. We thua 
arrive at ilic t'ollowing'. ae the usual order of superposition ^— 

1. Quartz. 

2. Datbnljte. 

3. Prchnite. 

4. Analcime. 

5. Cbabazite, hannotome. 

6. Stilbite, Ueulandite, scolecito, natrolite, niesolc, Lau- 
monite, apopbyllite. 

It IB a reasonable inference that the species which covers 
the bottom of a cavity was first deposited, and, as a general 
rule, that the others above were formed, either simuUane- 
ooftly, or in succession upon the lowermost, as their order 
may indicate. Eanh is UKually perfect in its most delicate 
cry^^tallizations, so tliat we caiuiut Huppoae that the mineralH 
first deposited often underwent change after their deposition, 
though instances of tliis may no doubt be detected. 

It is also evident, that if there were any species formed 
previous to the complete cooliugof the rock, or if any require 
for their fonnatiou au elevated temperature, they are those 
first deposited — the fii-st iu the above scries. A few consi- 
derations will place this, if possible, in a clearer light. 

Quartz, as we have stated in a preceding page, and fully 
rt;markod upon elsewhere, enters lai-gely into solution during 
■ubmarine eruptions. This solution ha» been shewn, by ac- 
tual expenment, to be a necessary consequence of such 
action. This fact corresponds most completely with the 
above deductions. Quartz usually foiins the first lining of 
the geode or amygdaloidul cavity, when it is found at all, 
aud, moreover, it is the most abundant of all amygdaloidal 
minerals. 

Quartz may also proceed from decompositions of the rock 
in the cold, and incrustations of this kind are known to oc- 
cur ; but such an explanation does not account for its gene- 
rally preceding all other species in filling cavities and seams 
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in trap rocks, and ia insuflicient to produce the lai^ i1«po6il«s 
uf siliua, suiuetimea azuounting to many tooB in a single 
geode- 

It should not be understood that the quartz is supposed to 
be Jurivcd always fi*oni tlic same bcated waters that attend- 
ed the formation ot' the containing rock ; for later eruptioiiB 
in the saine region might, at a aub8ei|uent period, produce & 
like result ; yet, as its place in the series proves it to be the 
earliest in furmation, it baa probably been generally deposits 
ed from the water beuted during the eruption of the rock. 
Leaving quartz, we pass to the other minerals. 

It is a striking fact, tliatthe minerals next to quartz in the 
tabic given — daiJiolite, Frthnite, and analcitne — contain \eti 
water than either of the following species. While the others 
include from 10 to 20 per cent., the first, datholito, has hot 
5 per cent, Prehnite about 4^ per cent., and auaJcime 8 per 
cent.* This fact certainly leans towards the view of their 
having originated at a somewhat more elevat^Ml temperatare 
than the other species — the same conclusion that is drawn 
from their lower position in geodt-'S. 

The fact, also, that I*rehnite has been found forming psen- 
domorplis, bears the same way ; for heat would be necessary, 
in oU probability, t^ aid in removing the original mineral. 
The vast extent of some Prebuite veins — occasionally, as Dr 
Jackson baa observed, three or four feet wide — refers to an 
origin like that of the quartz in similar rucks. Indeed, there 
seems little doubt that Pi-ehnite is often dei*ived trom that 
portion of the silica in solution which entered into combina- 
tiont) at the time with the alumina and lime which the luli- 



* Th« following table ahevrs tlie per-ceotage of water, anA girw at the Hm« 
tltno a general view of the compontioD of the MoUtea. 

Silica, boracic acid, Umi. — DathoUte (5 Aq.) 

Silita, alumina, liine. — Prehoite (4J Aq.) Heulandite (l-i Aq.J Bcolftcltfl 
(I8i Aq.) Epi8tilbit« (U Aq.) StilMte (17 Aq.) Laumonlte (17 Aq.J 

fiilita, ulmnina, lime, and potath or soda. — MesoU (12 Aq.) Thanuooltc (13 
Aq.) rhmii)»iH!(]7 Aq.) CUnbaiito (21 Aq.) 

Siticii, alumina, and tirAer toda, Laryta, or atrvrUia.- — Aaaldms (8 Aq.) Nt- 
Irolittt (9| Aq.) UannDtomc (16 Aq.) OrewBterito (13 Aq.) 

Siti<a, 'him, tuidpohuli. — Apophj'Uite (16 Aq.) 

isaiia, Une.— Dywluitc (IGi Aq.) 
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ceous waU-rs contained ; and pfubably the lime as well as silica 
was derived in part Iroro an external source. The pseudo- 
morplis pruve that Prtdinlte may hav« been tlie result also of 
subsequent eruptione, at the same timo that they shew the 
probable necesgity of beat for its formation. 

Datholite is a compound of silica, lime, and boracic acid, 
with about 5 per eeut. of water. Besides the small per-ceu- 
fcage of water, and its being, next to quarts, the lowermost 
mineral in geodes. we find an ivdditional fact, alone almost 
decisive with regnni to its origin, in its containing boraoic 
acid. Boracic acid is often evolved about volcaaoea or in vol- 
canic regions. The hot lagoons of Tuscany, and the volcano 
of Lipari, are the moat noted esamples. 

Although boracic acid has never been detected in sea-watefi 
there can be littlo doubt of its occtmnng in it. The usual 
modes of analysis by evaporation would dissipate it, and, of 
coui'se, it could not thus be detected, except with special care, 
and by operating on a large quantity of iivater. Borate of 
soda (^borucite) is found only rri beds of salt and gypaum, — 
both aea- water proflucta, Moreover, borate of lime has been 
lately found on the dry plains in the northern part of Chili, 
along with common salt, iodic salts, g^^autn, and other ma- 
rine salts ; and all are so distributed over the arid counti-y, 
(hat the region has been lately described as having been be- 
yond doubt once the bed of the sea. These facta render it 
altogether probable that sea-water which gains access to 
Tolcauic firea is the source of the boracic acid in volcanic 
repons.* 

If this be its origin, the necessity of heat and preesore 
must be admitted, in order to produce the chemical combina- 
tions in datholite. Its elements are not those of the felspar 
or other trap minerals, like the zeolites superimposed on it; 
but they have come from an extraneous source, and none is 
more probable than the sea-waters, which were heated at the 



* The only otIi«r known source Is the nilncra.1 toarmaJiue, quite an improluL- 
ble one in the cue before u«. It i« poMlblo Uiat tuurnialine may have rpcuivod 
its boracic ncii from the sen ulurlng [;raDltic eruptions, nnil tlie occurrenro of 
this miocrnl in Mn' vicinity of trftp-»1yl<*8 \» ejti>luinptl in tlio name manner. 
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aubimu'ine eruption, and permeated tbe bed of molten rock 
shortly afUT ejection. Tbus placed in circumstances of pre»- 
Bore and i-onrmcmcnt, along with silica in .sohitton, tbe vul&- 
lilo borocic acid miglit eater into tlie combination presented 
in datholitc. 

An interesting fact bearing upon the history of datboUte, 
was observed by Dr Jackaon at Keweena Point, Lake Sope- 
rior. The datholite is often forinwl there in vcinH with native 
copper, aud is associated in bouiu places with u cui'ious slog 
of boro-silicatc of iron and copper. Sometimes tlie cryatala 
of dathoUte, as well as the Prehnitc and calc-spar. contaiji 
scales or filament.^ of native copper. These very important 
obsen'ationH seem to establish the same origin for the tbree 
minerals — for Br Jikckson states that they appear to be co- 
temporaneous ; and if calc-spar has been deposited fi-om a 
solution, the same liolcln true of tbe others. They have all 
been formed subsequent to the copper filaments of tlie cavi- 
ties, for tlicy were deposited around them ; yet may have beeo 
the next to form during tbe cooling of the rock. The boi"0- 
BiUcaie of iron and copper has resulted from the same causes- 

Analcime approaches the zeolites in composition, but like 
the l^Omite and dathulite, it contains Icsb water, and is very 
diffei-eut in its crystallizabien. We liave less evidence as to 
the heat necessary for its foi-mation ; yet it was probably 
fonned at a somewhat elevated temperature. 

With regard to the other amygdaloidal miuerals, we ai-e in 
still greater doubt ns to the necessity of heat. We cannot at 
present fully appri'ciatc the efficieney of chemical agents in a 
nascent state, noting slnwly without heat thi*ough long periods. 
Many of them may require heat, and some may be the last de- 
positions from the filtering watera, after they have nearly or 
quite attained their reduced temperature, liut the fonnation 
of Keolitio stalactites in caverns favours the view that some at 
least may form at the ordinary temperature, by the slow de- 
composition of tbe containing rock after it had emerged from 
tbe waves.* Kersten has lately described a modem stellated 
zeolite forming incrustations on the pump-wells of the Him- 
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luclsfurst mine near I'reyberisc. It eoimistod of silica, oxitles 
of iron, and manganese antl water. Further examination will 
probably bring more ot" these modem products to lit^ht.* 

The formation of pftrticuiar minerals in eortain re^i^uns de- 
pends, of course, upon the supply of the nuceasary inja^-edients. 
^Tiere the supply of lime has bt;eu large, we shouhl expect- 
to find some of the rainerjils, l'rehnit«, Ilcnianditc, Laumo- 
nite, stilbite, soolecUe, dysclaait*, chtLbozito, for carbonate of 
lime decomposes the silicates of potash or s<jdtt. Iust4mce8 
of this association of the lime-zeolites, with a lai'ge aupply of 
Ihne in the vicinity, are common. WTien there is little or no 
lime, or only the i-esuH,s proiieedins^ fi"oui the decomposing 
pock, the other zeolites are foniied— the hydrous silicates of 
alumina and potash or soda, occasionally with some lime. Bat 
if a salt of barytn or strontia is present, the decompoHition of 
the silicates af the alkalies takes place as by tbc lime, und 
the mineral harmotorae or Urewsteritc is produced- 

In the above explanations we havi- scareelv appealed to one 
source of amygdaloidal minerals admitted in the outset — their 
proceeding from vupoura risinf^^ with the erupted rock ; for it 
seems to be of but limited influence. Besides the ar^iments 
already brought forward, \vc state that the vapours which ri>ie 
at the moment of eruption are insufficient. They inflate the 
rock, or blow up the cavities ; but the little vapour required 
to open the cavities most a.ssuredly could not afford, by con- 
densation, the mineral matter necessary to fill them, — to pro- 
duce stalactites^ stalagmite, and successive layers of minerals. 
The vapours, then, if tlie source, must have continued to rise 
for some time ufterwai-d. But is it possible that vapours 
should rise up throufifh the solid rock ? Such docs not hap- 
pen about recent volcanoes ; for tiaaures are first opened, and 
then the vapours escape. And could it happen with the water 
above pressing down into the rock with the force of an ocean 
even a mile deep ? 



• Carbonato of iron seeniB iKiver W form frotu water at the surfiioe, it* wda- 
lionR dopoaitin^ n hydrat<?'l pevoxitle of lion insCeud oi' tb« carbonnto: it may 
tfacn^fore require a Bat>merg«d coiidltian of the rock, ftlthnugli not n«ces8&rlly n 
nited temper&tiire. 
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There may be iQBtancea of tliu mode of furmatiou ; but that 
it (thouM be tlm usual mode is irreconcilable with the many 
facts stated. The fonn and condition of quartz or chalcedony 
in geodeB, oa well as the vast amount of this mineral in some 
ca&o«i, — tlic relative positions of tlio zeolites, and their occur- 
rence an incrustations on rocks, or as filUngn of cETities or 
seams, and never in disseminated crystals throujeh the texture 
of the itwk, — ^tJie green coating of the uodules, which is some- 
times a carbonate of copper, when there is a native copperin 
the rock to undergo alteration, — the correspondence between 
tlie elements of the minerals and the composition of the in- 
cluding rock, and at the same time theii* contrast in being hy- 
drous, while the constitueDts of the latter arc anhydrous, — 
and the known fonnation of zeolites in caTerns, — these various 
facts appear to establii^h infiltration as tho principal meanH 
by which aniygdaloidal minerals have been produced. 



Obserro/ions on the Principle of l^itat Affimtif^as iliustratedfn/ 
recent discoverieH in Organic Chemistrj/. By "WilllaM 
PuLTENEY Alison, M.D^ F.E.S.E.,Profes80rof the Prac- 
tice of Medicine in the University of £dinburgh. 

([.'•uncluded rrom p. 146.) 

We may consider, then, the selection and extraction, from 
a previously existing compound fluid, by the agency of a pre* 
viously existing cmpouHd solid, of certain poi-tions of that 
fluid already elaborated, as a chemical action, essential to all 
living beings, and so peculiar to them that it may be, at least 
with high probability, tentncJ an cxeruiae of a Wtal affinity. 
And, in regard to this simplest kind of such action, the fol- 
lowing points may be considered as ascertained :^ 

1. It seems to bo aUvnys pti-furnied, in tho perfect vege- 
table or animal, by an agency, not of vessels, as was formerly 
supposed, capable of a vita! contraction, and of changing the 
Duture of tlieir contents by the degrees of that cuntraction. 
but of cclU, either pre-existing in the solid structure, or car- 
ried about in the nourishing fluid, and having the name of the 
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globules or cnrpiiscnies of that flaiil. Most of the textures 
seem to be formed by the gradual transformation, clon}>ation, 
or flattening of cells, which liave sprung fi*om nuclei attiichod 
to previously existing cells ; and it seems to be only by tlie 
snccessive foi-mation, dist.enRion, rupture, and disnppearanco 
of cells, that secretions make their way into the excreting 
ducts of glands, or on the surface of inenibrAnes. 

The dependence of nil living stniotures, and of all secre- 
tions, not simply on vascular action, hy which nourishing 
fluids are circulated through tbein, but on cellular action, by 
which this nourishing fluid is changed, appropriated, and re- 
tained, or restored to the circiilation, is the great step which 
has been recently gained in physiology by the use of the 
microscope ; and aeeraa to me to be one of the clearest proofs 
of the dependence of all vital phenomena on peculiar attrac- 
tions and repulsions, actuating both solida and fluids, and 
causing motions in the latter, — not on any vital powers re- 
uding exclusively in solids. When it is stated, e.g. by Mr 
Paget, that " the purpose to which the capillaries are habitu- 
ally subservient, is only the passive one of conveying blood 
close to those parts of the bodv which either grow or secrete, 
and that it is proved tliat if a part be only able to imbibe the 
fluid portion of the blood from an adjacent vessel, it nourishcB 
itself as completely, and after the same method, as one whose 
substance is traversed by numerous capillaries,"* — it be- 
comes obvious that the movements of the fluid portion of the 
blood, whereby they are applied to growth and secretion, must 
be determined by causes quite distinct from the contractions 
of vessels. 

2. Living and growing cells, therefoi*e, whether acting on 
the uouriahing fliiid jxist taken into the system (as in the case 
of the intestinal villi, or the tufts of the placenta), or on the 
blood brought to them by the capillaries (as in the nutrition 
of the different textures), appear at" ays to have two functions 
to perform, — to extnuit from the nourishing fluid the matter 
of which they ai-e themselves composed, and to extract from 



* Repflrt in Forbm's Medical Review, July 1843. 
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\X, bkewise, the matter which is contained within them, — i. e^ 
in the organs of necretion. the secret^^d fIviitU, and in the dif- 
ferent fiuUd textures, that additional matter which is ulwa^s 
found, whether lignin, oil or fat, fibHnous, caHilaQ;inous,or 
bony substance, iu a granular or leuij de&uite furm, incrusttug 
tbo traltfl of the cells. It does not appear possible to explain 
what is distinctly seen in all these cases, without supposing 
that the pre-existing cells exert a peculiar attraction or affi- 
nity, both for the matter by which they are themselves to be 
nourished, and their successors to l>e reproduced,^ — and like- 
wise for another matter^ different in the different parta of the 
structure, by which they arc to be filled or distended. And 
in the ease df vet^etaldes, there seeras to be this general dis- 
tinction between the two, — tliat the former is a matter desti- 
tute of axot«, and the latter one containing that element. 

3. The cell, growing alwayti by attracting to itself a com- 
ponnd matter, existing in the 6uid state, and giving it a simple 
increase of aggregation, the nature of the ohango which takes 
place an this matter becomes solid, is itimply consolidatum, 
not precipilafion, just as the fibrin of the blond, differing from 
the albumen only in its stronger (vital) tendency to aggrega- 
tion, is consolidated iu its compound form from the liquor 
sanguinis in the act of coagulation. And tlins it happens 
that these organic solids possess (as was particularly noticed 
by Dr ProutJ that peeuHarity which, in the inorganic world, 
is observed only in fluids, that even the minutest portion of 
them contains the very same ingredients (whether earthy or 
saline, animal or vegetable niattei's) as is found in the whole 
niasi4. 

The abaeucc of all crystalline arrangement^ and the com- 
plex nature even of the smallest particle of an organized body. 
are the charactciistics of matter which has assumed the solid 
from the fluid form, — not by a chemical precipitation, or sepa- 
ration from matter formerly united tu it, but by a ntal attrac- 
tion, subjecting it t« " the invisible cause by which the forms 
of organs are produced." 

4. In the next plut-e, we may inquire what difference ex- 
ists among tlie eelln in different parts of the same stmcturc, 
to explain the great diffci*ence of the compounds which are 
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deposited in tbem from the same nourishing fluid ; and 1 ap- 
prehend, that, on this point, wo must coniP to the same con- 
clusion which Ouvier drew fi*om examiniug, tlirougliout tbe 
animal kingdom, tlie structure of the different glands, the 
Tegsels ontering theui, and the duct» pasHing out of them, 
viz., that i/wrc m tw difference of structure or of composition, 
corresponding, in the slighest degree, to the great difference 
of the products which appear. All ceUa in the rcgetahle 
kiugtlam appear to consist of the same matter, cellulose, and 
in the anini»1 kingdom of the aame matter, protein ; and in 
the first instance they are tjuite similar to one another. 
Wlicn we attend to the early stages of the existence of a liv- 
ing body, when the <lifference of textnrea ia only beginning 
to appear, we find only that a fluid passing through »<>iinilar 
papillary vessels, and effuwed into similar cells, in different 
^arta of the slrnctfire, acquii'CB diltercnt properties. And 
nlien wo cairy our inquiries farther back, and observe the 
first development of cells themselves out of the granular mat- 
ter inclosed within the sac of the yolk, it appears obvious that 
tbe particles of this matter are attracted, not into cells al- 
fftidy existing, but /■<> points wA^re cells are abmtlto be formed. 
The facts known as to the evolution of the chick in ovo irom 
the matter that ties in contact with the germinal membrane, 
sufficiently indicate that the powers which effect the separa- 
tion of the diiFerent component pai-ta of that matter, so as to 
form the beginning of the different textures and organs, re- 
side, not in pre-existing cells of different compoaition or struc- 
ture, but simply in different points of a pre-existing mem- 
brane, which, in the first instance, is homogeneous. The ex- 
pressiou of Liebig, that '"the chemical forces in living bodies 
are subject to the invisible cause hy which the forma of or- 
gans are produced," when the action of thai cause is duly 
considered, implies, that they are subject to a cause which 
undoubtedly acts differently at rlifforent points of the same 
matter; but the difference of the acttou of which, at these 
points, ia determined by no other condition, that we can aee, 
than their pogition. 

This mndtf of limitiition of the vital affinities, by which the 
aelection and appropriation of living matter ia effected, is only 




a fitatcmeni of fact, and the most gcueral fnct that has bcea 
ascertained ; and it seems hii^hly probable, thai it will be 
found an ultimate fact, in tltis department of science. It may 
serve to familiiu'ize our mindu with this pnnciple to observe, 
first, that it is precisely aualog-ous to the principle which is 
now well established as a first truth in the physiology of tit' 
nervouB system, that portions of nervous matter, preciseljr 
similar in structure and composition, have perfectly different 
endowments according to the anatomical position which they 
occupy ; and, gecondtt/y that the same principle seems distiuctly 
exemplified in various cases of diseased action. The pheno- 
mena of inflammation, and especially the easy recurrence of 
inflammation once excited at any one spot in a living animali 
indicate that certain vital attractions and affinities exifitiB| 
among the particles of the blood, and between them and the 
surrouuding textures, are peculiarly modified, not merely in 
a particular manner, bat exclusively at a particular spot 
From the spot where it commences (e. g,, ou a serous mem* 
brane), this alteration of vital actions extends, as from a 
centre, to parts tliat are contiguous to, although having no 
vascular connection with, that where it commenced, as we see 
in tracing it from onefold of the peritoneum to another. Aiul 
when we examine the results of the inflammation in the dead 
body, we see what clearly shews the operation of a force, 
producing chemical changes of the kind we are now eousi<ler- 
ing. but acting only at one part, and in one direction. '"Tbe 
capillaries which iiave taken on the appearance of inflanmia- 
tion are all on one side of the fine membrane, and the serum 
audlymph,effu8ioii»from those vcHsela,'' by which the diseased 
state is essentially characterized, "are all ou the other."— 
(Goodsir, Anatomical and Pathological Observations, p. 43.) 

In sayuig that the fundamental pi-operty of ehemicjil selec- 
tion, essential to the growth of all living bodies, is strictly a 
vital property, we do not overlook the fact that various sub- 
stances, composed of inanimate or inorganic mutter, have 
likewise different powers of attraction for different elements 
or compounds bi-ought into contact with them. It appears 
to be only by reference to this property, that wo can t^xplain 
the well-known phenomena u( em/ostnu^e and exogmose, in which 
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iliffwrent Huiils. Itrouglit in loiitjict with ii suHd IkxIv, arc tA- 
Iracted iuto its pores with very different degr<?e3 of force. It 
ti not the nature of the proceBS by which the selection, in Uie 
awe of the living body, ia effected ; but the peculiarities of 
the selections themselves, their great force, and yet uniformly 
temporary existence, that entitle us to regard Uieiu as indi- 
cating a vital property. 

11. Dut when wc attend to the peculiar changes efilecied 
by living: solids on the fluid mutters wbit-b are brought in con- 
tact with them, wo find that these are by no means contined 
to the selection and apprupriatiou, at particular points, of com- 
pounds pre-cxi»ting in thai fluid ; but that, under the influ- 
euce of Uie living solid, frans/ortnationv or new arrangements 
of the chemical elements take place, and new compounds are 
formed. 

In reganl to tlic precise nature, or scat, of some of these 
tmnslomiations, there is considerable difficulty, but we are 
at present concerned only with the principle ; and may at^ito 
in itlustrntion of it, two cases of transformation, of which 
there is no doubt, the change from carbonic acid and water 
to 8tai*eb in the cells of plants (oxygen escaping), and the 
cbange fi>om starch to fat in the cells uf animals (carbonic acid 
aiid water escaping). And that T am correct in asserting 
Uiat the organ which exercises this and other chemical powers 
in living plants is not only of the simplest construction, but 
(if uniform construction, while the products of its action are 
very various, will appear from the following statement by 
Mulder. 

" Ture cellulose is easily obtained from the pith of the eldei-- 
trec, from very young roots, and from other young parts of 
plants. From these parts it is prepared by digesting them, 
after being minutely divided, with alcohol, ether, diluted pot^ 
ash, hydrochloric acid, and water. In this manner, tlie starch, 
gum, fats, resins, vegetable alkalies, salts, sugai*, — and at the 
same time the peculiar woody matter, arc separated." 

" Aft*?r the action of tliese sntvents, and esjiecially of the 
alkali, the cellulose, which was lurmerly solid and di-nse, ap- 
pears in a spongy fonn. We may state aa a fiu;t, that the 
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(iiMltertitidiie of aft iitanta wliiub have been |*reviuiiHlv fixpuseil] 
to tlie iiilhicnoe of tlicse Bolvents, leaves a suhflancc vhick u{ 
iderUica/ in alt of iheiu, a substance wliich contains carbon (Uidj 
the element* of water." — {Ctiemi.itrt/ of Vegetat/h' and Animal 
Pbtfnnloff^, pp. 188-195.) 

Miililcr annexes to this slikteim-nta speculation in reg»rd| 
to the influence of fbrmM in urganizetl bodies, as afTeciiujo; tbeirj 
chumicul powers or pinpertieu, wbiob, so far us I can undei'- 
stand it, 1 think fitted to convey an erroneous iuipression- 

" One sf the first and chief laws viitible in organic nataivj 
is that the form has n^ much influence on the character of Oiv] 
phenomena ai< the substance of which thnt form consists. The, 
etfect-s of the primary forces exittting in the molecules, hawj 
become, by the combination of elements into hollow globulett. 
altogether peculiar.'' 

" In organic nature, bewdes all the peculiarities existing is 
the carbon, hydrogen, and oxygen, we must suppose, as a diief j 
consequence of this, a tendency to form nicmbranm^eous, con- 
PttTe^ spherical little bodies, in which, ttrrayjie of thUformy new 
pcculiiu* pn>pertteB manifest themselves, which caitaot Itcj 
brought out by other forms. Thus, by matter and form, bIM 
thot we observe in nature is, to a great extent determined." 
— {Jbid.y p. 189.) If by this it is meant that the acquisitioaj 
of the form is the physical cause of the existence of the pro-j 
perties whicli cells, or iHiy other organized structures presi 
in the living state, two questions imine<liately present them- 
selves, jfrtf<, How are the cells themselves formed {e.g. on tlni 
germiuaJ membrane of the ovumj out of a matter which i£ 
originally without form, otherwise than by those very pro- 
perties wbicii are here ascribed to their existence X and, 
condlif. If the properties aic dependent only on fonns, why dftl 
they not exist in the dead sfcite, when the forms arc, in monyj 
instances, still perfect t The enunciation of these qnesHoni 
seems to me sufficient in shew, that the correct expression oi 
the state of oiu" knowledge on this point is that already quot 
from Liebig, that the chemical forces in living Imdies are aut 
ject, not simply to nn influence of forms, but to ■" Me inviaitiU 
cause liy ir/u'r/t thefortnH uforffann are profiuced^^ i. e.t tJiat w* 
must include under the head of vital properties, both the ine-l 
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tnniral. or simply attractive [xiwer. by wbieh cells or otlier 
trgans sre fonncd out of amorplious ntattur, anri likewise tlte 
libemtcal powers with which tbe8c cells arc endowcMl. 

It is no objection to what has been statetl, of the strictly 
^ital nature ot ibette chemical powei-a, to arlntit that tbeir ac- 
tion is very often aiialoyous tu the principle to which the name 
lia/yttin 18 given by chemiRts, and which in exemplified like- 
rise in the chemistry of inorganic compounds, where the cuni- 
tiination of two vuhslanccs is determined by tbu presence of 

third, which nevertheless takes no part in the combination 
ititelf ; or th;it it is analnafnus to that disturbance of the equi- 
Jiliriiim of ehemicnl L-ompoiinds, by which the ft'rnientation of 

I organic compound is transferred to anotlicr in contact with 
[it, althonwh the ohanffes in the two ^o on separately, and the 
[oompoiinda furmed are different. It Ih quite true, that these 
imodes of chemical action resemble and illustrate the man- 
ner in which li\'ing solids, themselves undergoing continual 
[diana;e8 of composition, determine new arrangements of the 
cIt'Dieiils of the compound Huids which are brought tn con- 
tact with them. But this analogy is far from being an ex- 
planation or resolution of the one phenomenon Inlo the other. 
In the first place, tlic analogy is esscutially defective ; be- 
I ttose although it is trne that in any living hoirg, alrejvdy cx- 
|»Ung, different chemical cornpomids already exist in different 
of the structure, wbich may act in these modes on the 
Donrishtng fluid, and determine distinct transformations of 
lliese at difforent pai-ts ; yet thiH does not apjdy, as already 
i»bserve<l. to the first formation of eiich of the textures, at its 
Ippropriate point, from a honiogeneoua semifluid matter. 
Jut farther, although we were to admit tbe analogy of all the 
icmical proeesHcs going on in living beings, to these forms 
>f simply chemical action, we shnuid not thereby be autho- 
Pisefl to conclude that the vitjil processes have not that pecn> 
liaiity which makes it incnmbont on us to regard thein as a 
fjtarate class. We say that the decompowitinn of carbonie 
tAAf tlie combination of the caHiuu with the elements of water 

fonn starch, and the evolution of the oxygen, is a vital ac- 

I. — no* because it 18 « change different in kind from the 
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decomposition of water and evolution of Uie hydrogen by ti 
and acid, — but Hiniply because it indicates nn affinity pecolii 
to Uio atattf of life ; — because in no other circumstances, 
when the dements of water are brought into contact witliJ 
cartwnic ncid. is any such decomposition cfTcctcd- So aUo.1 
although it is true that the presence of spongy platinnm en- 
ables oxyg:en and hydrogen to unite and form water, or tJie 
presence of formentin*^ yeast enables suf^ar to undergo trans- 
formation into t-nrlvonie acid and alcohol, still these facts do 
not interfere with those essential peculiarities ou which tbo] 
doctrine of vital affinity depends, viz., tliat the presence of] 
living cells composmi of carbon and the elements of water,! 
deteniiines both the juldition of new matter, from a compouml 
fluid, to those celts, and likewise the formation of other com- 
pounds within the cells. VBrylngin different parts of the same 
structure, — all these compounds being diirercnt from aujf 
which the chemist can form out of the same elements, Mti I 
different from those to which the same elements Jnevitftbl^ 
return, after the phenomena of life are over. The phvsioil 
principle of catalysis may be said to ilhtstraie the trnnsfor- 
mations in living bodies, as that of endosmosc illustrates the 
selection and appropriation of ehemical eloment^ or couv* 
pounds in living stnictnres ; but these principles, as eseropli* 
fied in dead matter, include none of the peculiarities of ttiel 
vital chemical actions, and therefore furnish Wiexjplanatim o( 
them. 

The materials of which animal bodies are composed, have] 
been now so generally found to have been prepared for tfaenil 
by vegetables, that it has been reasonably doubted whethei 
any such power of decomposing the fluids presented to them^ 
and forming new compounds, exists in nTiimals. There 
some cases, however, in which it appears certain that an ac- 
tion of this kind goes on in living animals, and that it iftj 
effected, as in vegetables, by an agency of cells. Thus, there 
is good evidence that, in the natural state, much of the bib 
which is discharged into the intestines from the liver is 
Hbsorbed in its passage along the Prlmsc Viie; yet It ncvei 
appears in the chyle, nor, iu the natural state, in tlte blood 
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[wliicli seems tu impl^' tliat it is decompoHecl> and it^ elements 
tbruvvu iutu utlicr coinbinuLinnH, in the eniirse of ttiu celluiar 
action which attends tbo ubsurptiuu ul'ch^le. 

\n like manner, the formation of fatty compounds out cri' 
etarch, or itn kindred principlei*, an illustntted by the recent 
iprocisf observations on the formation of wax by bees, and 
tho formation of gelatine in the living animal, are undoubted 
instancea of chemical tranaformationa thus effected. The pre- 
cise scene of ilic»e trans form atiuns ia not yet ascertained, but 
we have strong reason, from analogy, to supposu that they 
ire eflFected in tiie course of the circulation. And as we are 
certain that tlie jrrcatest of all the cheniical ehan^'S which 
are peculiar to livinjj; beings ai-e effected within the cells of 
Tegetables, it aeema in the highest degree probable, that the 
corpuscles or cells (both red and white) wliich furni so \a.r^K 
» part of the blood of anlmaU, are concerned in the chemical 
ttunHformations which take place in blood; and tlierefore, 
tbat we ai'e to rcgaiil organized and living cells as the ngcntB 
or instruments employed by nature in effecting all those 
chemical changes which are peculiar to the stjite of life. And 
if we consitler this pi'tnci[ilc as established, it goes far to ex 
jJain seTeral facts, lorg regarded as obscure, in regard to 
the structure and position of the lymphatic and lacteal Tea- 
sels. Wc know that the mode of origin of these vessels gives 
Ume and opportunity for cellular action (i. e., the develop- 
ment, growth, and rupture of cells), and consequent chemical 
olianges, at their extremities ; we know'that such cellular ac- 
tion does in fact go on there, particularly in the lacteals; 
and we know that the substances absorbed there, and pro- 
[bftbly elsewhere, by these vessels, are in fact altered, and so 
far assimilated, in tho act of absorption ; as in the case, al- 
ready mentioned, of bile absorbed from the intestines. Thus 
we are led to see the importance of tliese vessels being placed 
at all points where substances are to be absorbed, which are 
Ifarcign to the aninuil economy, or require chemical change, 
[in order that they may be introduced with safety or good 
tetfloct. Hence, also, we sec tbo use of the lymphatic glands, 
fat which another opportunity for cellular action, for chemi- 
Ical changes aud assimilation, according tu the obi^C'rvations 
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a\' iMr OnodBir, \» [iroTidtid.* And this oIao ctmblos iiftt* 
imilcMt-antl n f,'en«ral ftirt, wliich, aIthou«rh disputed. I be- 
tiwu to l>c both U'ue and itnpot'tant id patholu^y, — that n 
■ulistance doetinod for excretion, but retained in t!ie blood liy 
reneon of lUtu^aHe uf it« excreting jirliuid Cparticulurly tbt^ ^ilf 
or urine}, is more injurious thnn the same ni«tt«v wh^'^ ai*- 
tTeted by the |;land, but re-absorbed from a inacous surfan;. 
and consequently Bubjccied to cellular action, and iliereb)- to 
uheniical change. 

Ul- Anotlier general fact appears to be sufficiently illua- 
troted byoliHcrvations on thecbenncalt-baiigcs in living IwOii^d, 
— v'v/... That the vital propertifB by which these are eti"ecl«l 
are tramfeireti from the portions of matter alraady posBeai- 
ing them, to those ctther imrtions of matter which are ei 
taken into their substance, or deposited in their i 
ueighbourliood. It is, indeed, obvious, that if we are 
in saying that living matter posHPsses these iieeulior rittT 
propertien, the act of asciiuulation which we know to be con- 
tinually going on in living bodies, is not nicreU the uttnutioo 
and addition of new matter, but must include this trunafcrenci^ 
of vitjil properties tn the matter which is continually added 
to the existing solids. 

'* The foreu with which life is kept up," says I^rofesBoT 
Whewell, " nut uidy produces motion and chcinicnl cbangt?, 
but also vitaliseit tht- matter on which it acts, giving it the 
power of producing the same changes in other matter, and 
so on indetinitely. It not only circulates the particles oT 
matter, but |>uts thorn in a sti'cam, of wbiclt the How is de- 
velopment as well as movcmcDt." — {P/iUo^fophy of InducHee 
Sciences, vol. ii., p. 52.] 

Stfveral facts which are known in physiology and patho- 
logy, may be noticed as more special cxemplificattonB of thtft 
principli'. Thus, we know that vessels in any part of the 
body comnmnicate certain properties to t}ie whole ma98 ol 
blood which lies in contact with them, so as to tnudlfy w sus- 
pend for a long time tlie coagulation of such blood; — that th 
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blood which enters the vessels uf any part wliuro inflamma- 
tion haB been exulted, has peculiar prupcHiuu impressed on 
itj and even changes oa its cumpusitiun etlboted, merely by 
coming in contact with the portiuus uf vesdels where tliat 
process is going on, and with the purtiuus of bluud previously 
subjected to it ; — that the exudation from inflamed vessels 
Acquires peculiar properties frum the contact with the living 
surface on which it lies, first arranging itself as an organized 
structure, and then selecting and appropriating, from the 
neighbouring bloodvessels, those materials by which it is as- 
BiQiilated to the texture with which it is connected ; — again, 
ihat, in the sound state, every portion of matter which is de- 
' posited from the bloodvessels, to form poi't uf a muscle or of 
a nerve, immediately acquires the peculiar vital properties 
of the part which it nourishes ; and, hi the case of muscles, 
even, that the change produced in a poi'tion of a fibre by the 
application of a stimulus, is instantly communicated to tlie 
whole length of that fibre, and to many adjoining fibres. It 
appears to be neai'ly in the same manner that every portion 
of carbon and water which enters into the composition of any 
living vegetable cell, acquires the power of exerting the same 
vital afiinities as actuated the matter which it replaces, or to 
which it is added. 

IV. Another principle, at least equally important and cha- 
racteristic, may be stated in regard to ttiis communication of 
vital properties to the materials which are added to living 
bodies, viz., That such powers are imparted only for a brief 
period of time, and that long before the time of the death of 
the structure to which they belong, all those materials lose 
the vital properties which liave been given to them ; perhaps, 
as has been lately stated, as a consequence of the exercise of 
their peculiar vital powers, perhaps merely as a general law 
of vitality ; but equally, whether the peculiar properties which 
they acquire in living bodies are of the nature of nervous ac- 
tions, vital contractions or attractions, or vital affinities. But 
as this principle is best illustrated by reference to the pheno- 
mena of excretions, we delay doing more than merely enun- 
ciating it at present. 
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Having so fur conmderod the general nature of the chemi- 
cftl clianges which are peculiar to living bodies, and the kind 
of appan\tUH provided by nature for cairyiog on these chnngeit. 
we may next lake a more special view of the d)ff«rent che- 
mical changes themnelves. beginning with the grfmtesi and 
moHt fundamental of all, tlie formntiun of the nmylaceon 
matters by vi'getables, acting ou the wat«r and cjirbonic iMrid 
with which they are supplied, both in the liquid form by fchaP 
roots, and in the gaseous form by their leaves, — and the con- 
sequent evulution id" oxygen. In reganl to this grand fnnc- 
tion of living plants, the following facta socm the most im- 
|H)r(MDt that have been Hseert-ained. 

1. We see thii) change effected, in Uie present order of 
fhingn, only by the agency of one of the amylaceous prioei 
plea Hieiuselvea, aUlitingh the quantity of that pi*e-existcnt 
matter, in the cjisc uf the seeds of many vegetables, in exceed- 
ingly minute. We need not enter on the question how fiuv 
beHiden the pre-existence of matter capable of forming cells, 
in Uie textures of the plant itself, previously existing orgau- 
ijsed matter, in the dead atnte, is essential as part of the au- 
trimcnt of vegi.-tables, — farther than to observe, that, as tha 
aeed of every plant contains a store of organio com|>ouudft 
already formed, there is certainly a »t]'ung presumption that 
a certain ([uaotity of such compounds, formed by previous 
living processes, is highly useful, if not neecssjiry, to the 
nourishment of vegetables, as well as animals. This, how- 
ever, appears most important in the early period of the exiat- 
cncc of plants, when their power of decomposing the carbo- 
nic acid has not yet attained its full intensity. The evidence 
of the greater part of the uourishuieut of vegetables being 
from carbonic acid, water, and ammonia, applied to their 
leaves, or ahsorhod by their roots, is quite conclusive ; and 
when we consider that vegetables preceded the appearance 
of animals ou earth, that the first vegetables (as is well ob- 
served by Liebig) were of the kind which depen<1 least on 
thoir roots and most on their leaves for subsistence, mid that 
tlie kind of animals which first inhabited the earth, were 
those which consumed the smallest quantity of oxygen, and 
can live, therefore, in air highly clmrgi'd with carbonic acid, 
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: appears in the hijO^hest di-gi'cc pi-obftble, that a |a;ra4luiU pu- 
nficatinn of the atmosphere hy the agency of vejretAliles ab- 
fctractiny carbon, was a necessary prelude to the intividui-tion 
of animals,cBpeciat1y of warm-blooded antmols, into the world: 
and that the t^reater part of the carbon now exlstinj; in the 
soil on the earth's surfaee, originally existed in the form of 
carbonic acid in the atmosphere, and has been jj^radually 
fixed, and enabled to become the chief support of all living 
beings, by this vital affinity of vegetables, and of those tribes 
<ir the lowest marine animals, which have been found to pos- 
He8R the same property, whereby carbon is separated fi*ora 
oxygen, and combined with the elements of water, to form 
the ivmylacoonfl matters. 

2. Tlie dependence of the exercise of this property on the 
presence of light, and its connection (aeconling to the state- 
meuts of Dr Draper), not with the heating portion of the raya, 
w with those which effect other chemical changes, but sim- 
ply with tlio Inminous portion nf the rays, shows distinctly 
that all living action on thiin globe is equally dependent on 
%litas on heat^ although it is, and may long be doubtful, in 
wlni manner the influence of light is exerted in pn»ducing 
tiiis change ; whether the theory long ago proposed by Sir 
H. Davy is admissible, that light enters into the composition 
Iff oxygen gas, when disengaged fi-om any solid or liquid com- 
[juiind containing it, or whether the agency of light may be 
l»etter expressed by saying, that it is the nyces«ary stimulus 
to Uiat kind of vjtul action which leads to this primary trans* 
rumiiition of the elements of which organized beings are com- 
posed. 

3. It is unnecessary to enter here on the varieties of this 
Amylaceous matter which are formed in different vegetables 
or parts of the same, the ccUuhse of which the cells arc formed, 
the ttarcht the dextrin, the ^«ffi, the inuline, which ai*e depo- 
sited in different species and in diffe rent parts. All these 
a{)pear to have the same simple fundamental composition, 
consisting almost entirely of carbon with the elements of 
water, and all ai-c formed out of the same compounds, and by 

vital affinity essentially the same ; it may be partly owing 
U\ some imperceptible diifect'iice in the relative position of tho 
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ultimate nioms. |»Artly to ditforenoea in tiic minute quftDtiticl 
(if inorganic iiiatU^r, ami of otiier or^iiic compounds uotyel 
QieutiuiJicd, wliich enter iato their eoinposition, that (to luiic/ 
VAriet'eo are found, not only in tbet^ compounds tbcmselre*^ 
hut tu the iiuulitiuii which the^ present as found in different 
species ot'pluut», and even in ditfcrcnt iiidividualu ufUie&UDtr 
species. In the case of n graft inserted on the stem of Aa 
indi^duul, or even of a species, diftei*entfroni that which Air- 
uishes the »huot, wc see that the vital alfniities of tlte par- 
ticles c(>mposin<j; the shout are capable, nut only of extract- 
ing from the nourishing fluid of the stock all the cuuijwuaAi 
retpiired for its development, but of imparting to the linn 
textui'es funned of those compounds which they extmtl, all 
those peculiar pi-operties of form, of colom*, of amell, ofrougb- 
Qoss, suiootbness, &c., by which species, and even indiriduiils 
uf the same species, are cbaraclerized. And when we eoD* 
sider these facts, I appi'ehend we must admit that, oDdor 
the influence of the vitjil affinities which operate in the mDi 
of living vegetables, much more minute diifercnccs uf cm*- 
pounds are pi-oduccd, than can be detected and explained by 
any chemical analysis. 

4. An iniportiirt question here is, Wltetber the earbonic 
acid of tbt> air is decouipused in the leaves whore it is (Jue0| 
taken in, tbe amylaceous compounds immediately fenaeil 
with the help of water, and the oxygen set at libeiiv. <>f 
whether tliat acid is taken into tlic jui(s)a of the [ilant, us «re 
now know that oxygon is into the blood at the lungs, &i)i 
gradually decomposed there, letting its oxygen escape )?nt- 
dually, and aiding in the formation of different conipouixl^ 
besides the varieties of starch { That the latter is the more 
probrtble supposition may he inferred, partly fi*ora the analojEj 
of the action at the lungs of animals, but chicily from tbe 
fact, that a sepanition of oxygen is equally required for th« 
elaboration, which certainly takes place in vegetables, ^f 
other compounds, of tlie varieties of oil, and of protein, wfliich 
are chieHy deposited in other parts of their structures. 

5. The relations of compounds of this chis^ to sugar, d^ 
maud more rtpecial notice. It seems doubtful whether thu 
is ever the lirat componnd formed ; it appears in the 8ap of 
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various plants when the fluids from the soil arc aaccnding 
find diAsolvuig the starch which hud been formed and stored 
up by the Ii%ing actions of the preceding year ; it appearB in 
almost exactly tht: »ume e ire urn stances during the germina- 
tioa of 8ecd», and ia both theae cases is useful, as giving a 
greater degree of solubility t^) the Htiirch whence it ia formeil. 
In both caseM it disappears, and probably is converted iiit-o 
some of the varieties of starch, as the vital actions of the 
plant become more vigorous. Its compiiHition, in its <lif- 
ferent vairieties, as givcu by most analysts, Cu Hu Oti, Ck, 
Uiu 0,j. or even Cia IT,, 0,^, denotes that if it be formed 
from the starch, C^ H,„ 0,„ it must be either by the ad- 
illttuu of llic elements of water, or by the abstraction of car- 
bon ; and as its formation, during the gemiinRtlon of seeds, 
is attended with evolution of earlionic acid, it seems mout 
probable that, in that case at least, it is formed in this last 
|Way, under (be inliueucf of the oxygen of the air. Itappcairs 
in in the nectaries of flowers, and in the ripening of fruits, 
AS uiw of the latest results of the vital aetiini of plantt^, in 
those parts uf them which are fully exposed to air and light, 
hut at a time when we may reaiiutiably suppose that the vital 
uffinitics are becoming comparatively iHciit'ctive, mid when 
carbonic acid ia ngaiti tivulved. It may be formed by the 
chemist from some of the varieties of Btareh by a kind of fer- 
mentation, exi-itud by dinwtasc, as in malting; or by a cata- 
lytic action of sulphuric acid ; and It is formed fi-om startih 
merely by the agency of cold, as in frozen {jotatoes, and fi*om 
inoline merely by continual boiling in water; so that its foi-- 
tnation from starch in veget;vblos acenis to be moat probably 
a simple cheniical chiingc, nut the eti'ect of a vitjil aflinity. 
farther, it is a compound which takes the crystalline form, 
essentially JittiTcnt fi"om any form assumed by those parts 
of organized strncturcs which exhibit truly vital plienomena, 
And retains its properties when exposed lo air and water bet- 
tior than any of the matters of which organized forms are 
composed. Fi*om all those facts it may be infcn'ed, with 
great probability, (hat sugar, as it appears in the living ve- 
getable, is generally to be rcganled us a first prodiict of de- 
composition "f starch, by the agency of water, nud of the 
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ox^grn of ilie air, which appuara to be Uie great agent io 
tlie reitulutiun of those compounds, which the vitul affinitive 
have built up. 

6. On the other hand, tlie relation of starch and cellulosa 
to the lignin, which forms tlie jf^eater part of the solid mat- 
ters of dicot}le<b>noQa phiatH, seems to be nearly the rcverM 
of their relation to sugar. This matter is always found in- 
crusting, or incorporated with, the cells of vcafctable tex- 
tures: it gives them their solidity and strength, which all 
decuuipoBitious by chemical agents impair; it cannot be 
formed from the compounds of starch by artificial means, 
but is formed from them in greatest fjuantity when the vital 
autioiKs of plants arc stn^>ngcst; and its cuaiposition is al- 
ways stated OS diflering from the amyhiceous compounds, by 
containing more carbon, and less oxygen, in pi*oportiou to 
tlie li}drogen, than exists in the composition of water; its 
formula being stated as Cu Hu Ok.. This, therefore, would 
appfai" to be clearly the result of truly \-ital afliiiities, conK- 
Quing to actuate the elements of starch, after the formation 
of the stai*ch fi-om carbonic acid and water has been com- 
pletctl, and effecting a decomposition of part of the water, sfl 
well as of the carbonic acid, presented to the living vege- 
table. 

In studying this first and most striking of all the changes 
;h are to be asci'ibed to Wtal aHinities, it is especially ne- 
ry to understand the parts assigned to carbon and oxy- 
gen ; and, in taking this general view, we must regard vege- 
tables and animals as inseparably linked togelhcT, and look 
to tlie whole series of chemit^al changes which intervene be- 
tween the origin of vegetables and the death and compo«tion 
of animals. We must regard the carbon, originally existing 
in combination with oxygen in the atmosphere, in t)ie pro- 
portion of one equivaleut to two, a« the great ugcnt employed 
by Nature in tlie formation of the whole organized creation, 
insomuch that all organic chemisti-y may be .^jaid to be the 
chemistry of compounds of carbon. — [Gregort/^s Ckemintr^^ 
p. 241.) That it may fulfil this office, it is invested with |h;- 
culiar but temporary powers ; it is separated at i>articular 
points, and under certain conditions, from the oxygen, and 
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attaches itself to the clemente of water, nKvays prcseut where 
vegetables grow, and so forma viirious compounds, beginning 
with the varieties of starch ; in all which it is the principal in- 
gredient. The compoundit thus formed next attack and par- 
ttolly decomiMDae the water, and approprijite the hydrogen, 
thus causing a farther evolution of oxygen, and forming oil ; 
and afterwards nitrogen, in small quantity, is introduced, and 
fresh transformations taJto place, by which the protein com- 
pounds arc formed. All the solid structures of vegetables, and 
indeed of organized beings generally, are made up of these 
compounds of pjirbnn, in which oxygen existK, cither in tlie 
proportion to hydrogen, which forms water, or in a less pro- 
portion than that ; and the formation of these may be confi- 
dently ancrihcd to vital affinities. But it is ea«y to conceive, 
that other compounils of carbon, with hydrogen and oxygen, 
will exist in phuits in which the oxygen will bo in larger pro- 
portion than tJiia, without supjMiiing oxygen from the air to 
be added; because the vital a£hnitie» may not have been in 
wffieient force to separate the oxygen completely from ita 
uriginal union with cai'bon, and these, therefore, may be re- 
garded as compounds of carbon, water, and undecomposed 
carbonic acid. Such are the different organic acids (the ci- 
tric 12 C 8H 140=90 + 8H0 + S CO,, tlie malic 8 6H 
l00 = (lC-f6HO + 2OO„ the taHaric 80 4H 100=50 + 
4H0f 3C0„ the oxalic 4C'2H80 = C + 2 HO + 300,) which 
are found in the juices of many vegetables, particularly in 
tlic immature state. 

Again, it is always to be obaerved, not only that all orga- 
nized bodies arc destined ultimately to revert to the water, 
L'arbonic acid, and ammoniti, from which they were originally 
iiirmeJ- hut that, in the case of animals at least, there is a 
process always going on during the state of life, by which 
tbese same inorganic matters aro continually evolved from 
the living frames. Therefore, we cannot be surprised to find 
that the fluids of all living animal bodies contain other com- 
jxmnds, in which the characteristic predoniinanco of carbon 
is not perceived ; because they are those which are formed in 
eircnm stance 8 where the vital affinities are htsing their power, 



and where a step )ms lieen mnde towards* tiiat final diaaolii- 
tion of organic compuuiid'*. ^>llell the oxytfen ih Ui rtftumeita 
power over the carbon, und this is to revert, directly or indi- 
rectly, t<Q the niDditlon of carbonin acid. This g:eDeral prin- 
I'iplp «8 to the respective offices of carbon mid oxysron in liv- 
iug hodicR, — the one the main ap;ent in uounshing anil sop- 
porting living RtructnreB, the oilier in maintaining the excre- 
tions by which these structures are continually restored to 
the inorganic world. — we shall rind to be applicable, uol 
nrly to the excretion of carbonic aeid and water by the slrin 
and lungs, as compared witli the nmylaccoua compounds 
taken into animal bodies, but likewise to the excretions by 
the liver and Itidneys, aa compared with the two other great 
constituents of the food of animals, vis., tlir oily and the al- 
buminous HubstAnccs. 

Oxygen, in it-s elementftry state, although indispensable to 
all li>'ing action,— although a condition of vitality equally 
iitiiveriial as lieat, — yet hardly enters, if it enters at all, into 
any of the combinations which are due to the vital affinities. 
Although taken into the interior of every living being, it ap- 
pears tn comport itself there almost, if not entirely, as it doea 
in acting on dead miitter. The expression of Licbig, that 
the action of the oxygen of the atr in living bodies is dasfruc- 
tix^e, is perhaps fitted to convey an erroneous idea, but we 
arc certain that its chief, if not its sole, action in the animal 
economy, is on those portions of matter which have no vital 
properties ; either because they are redundant, — not reqnired 
for the iifturishmcnt t>f the tiasuRS. — nr becauHe they have 
been re-absorbed ft-oni thoin, having lost their vifjJ afliniticB ; 
and with these it uTiites, only to carry them off in the exci'e- 
tions. particularly in the greiit excretion by the lungs. We 
now know that tlio speculation aa to the connection of tho 
oxygen of the air with vital action, long and ably maintained 
by the late IVlr Ellis, viz., that its sole use is to dissolve and 
carry off excreted carbon, and therefore that in the bodies of 
animals it goes no farther than the lungs, waa erroneous; 
but we may assert with much eonfidenoo, that it goes no far- 
ther than the circulating blood : and that, although its action 
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[ibere is essential to all the metamorplioses wliich are tliere 
[ftccomplished, vet all the combinations into which it nctimlly 
enters, are destined to immediate separation from thn living 
body, — beinw, in fact^ the media by which al! living bodies, 
at all periods of tbeir exirftence, are conttnnally resolving 
themselves into the inainnmte elements from nhich they 
j^rung. This principle will be better illustrAtcd, howrever» 
by a review of the leading facts lately iisceH-aincd at* to the 
formation of theothercompounds peculiar to organized bodies, 
uid the excretionn of animaln. 



On the Coruitituiion and Projierthn of Picniiue, a nerc Orifanic 
Have frutu Coal-Tar. U\ TlloMAS Andeuson, M.D,, 
F.R,S.E., Lecturer on Chemistry, Edinburgh. 

(Concludeil (Vtiin ]j. 156.) 

Comh'matione of Picolirtf. 

Piouline forma a series of compounds wliich an- generally 
closely analogous to those uf aniline, but present in a Iurh 
marlve<l degree the regiilai-ity nnil faeility of cryst,i1lization 
which are ho cliaracteristic t>f tlie salts of the latter bjiae. It 
forms, however, with the greater number of acids, salts which 
van be obLiined in a crystalline form. These nre all highly 
soluble in water, and sdiiie of them are even delicjueRcent; 
they are also for tlif; most part readily soluble in ulcohul, eve»i 
in the cold. They are most rejullly obtained by uvapurating 
their n^ucons soliitious at 2l2'\ and not by adding an acid to 
the etherial solution of tlii; base; as in the latter case the 
presence of oven a minute propoilion of water causes them 
to precipitate in the form uf a scuiilluid mass. I'it-oline 
forms a number of acid salts, in which respect it differs fi>jm 
Aniline- tta euilta are less readily decomposed in the air 
than the corresponding aniline compounds, but they do event- 
ually become brown, although without presenting any of tbL* 
I rose-red colour which tiie latter salts assume. 
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Sulphate of Picoiine. — 1 ubtaJnt'd this salt b_v Buperaaturai- 
ing Bulpburic acid with piculiue. The Holutiou obtained waa 
perfectly colourless, and when evaporated in the wuter-baih, 
it evolved picolino in abundance, and formed a thick oily 6uid, 
which, on cooling, concreted into a tough luaaa of ti*unHparent 
and coltHirless crystals, apparently of a tabular form. Ex- 
posed to the air, it deltijuesccH rapidly into a trjumparent and 
colourleus oil, which, ut'tera time, ac<{uires a alight bruwnisli 
colour. It is insoluble in ether, but readily in alcohol, both 
hot and cold. It is not depoHited in cryAtaln by allowing the 
hot alcoholic solution to cool. 1 analysed this salt by eva- 
porating to dryness in the water-batli, in a weighed platinum 
crucible) and allowing it to cool under an exsiccator. It was 
then rapidly weighed, dissolved in water, and pi'ecipitated 
by chloride of barium : — 

4*364 griiiiii* of fliilpliate of plooline gave 

5'230 ••- lulphate of baryta=4r20pcrc6Ut of anhydrous nil- 

This result corresiwnds with the formula d, H- N + 2 H 0, 
S 0„ as is shewn by the fuUowing calculntion : — 

2 Bq. Bulphiiric acid . IWIO-O • -HSi . 41-20 

1 , PiwHtie . 1164-5 . 48-74 . 

2 ... Water . 2^50 . 9 42 . 




%iH^-5 lOO-UO 

The sulphate of aniline dried at 212*^ has a diiferent con- 
stitution ; it gives 28-67 per cent, of sulphuric acid, which 
coiTespouds to the foiinula C,j II: N, II 0, S 0,. 

Oxalate o/PicuUne. — Tliis suit is obtained by mixing oxalic 
acid and picoline in excess, and evaporating the solution ovcrfl 
quicklime. VVhen the solution is reduce<l to a very small ™ 
bulk, it is deposited in the foi-m of short prisma radiating fi*ora 
a centre; and on further evaporation, the whole concretes into 
a solid mass. The crystais evolve the odour of picoline in the 
air ; tlicy arc highly soluble in water and alcuhul, both abso- 
lute and hydrated. When heated to 212" it fuses and evolves 
abundance of picoline vapour*, and on cooling it forms a thick 
Huid which ."tlowly deposits crystals in the form of tine needles. 
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These ai"© probably an acid salt. I did not nbtAin the oxalate 
in a state of sufficient piiriiy for annlysia. 

Nitrate of Picoliiu- is obtained as a white crystalline mafl^B, 
when a mixture of picoline anil dilute nitric add is evapo- 
rated to dryness at a moderjite heat. At a higher tempera- 
ture it sublimea iu wbity feathery crystals. 

Hydrochlerate of Picoline may be prepared by mixing pico- 
line and hydrochloric acid, and evaporating ou the water- 
bath. Ou cooling, the thick fluid which remiuus conaolidates 
into ft moss of prismatic crystals. When heated to a high 
temperature, it sublimes easily, and deposits Itself uu the sides 
of the vessel in transparent crystals, which deliquesce rapidly 
in the air. 

Chloride of Plalinum and Picoline. — This salt is easily ob- 
tained by adding picoline to a fiolution of bichloride of pla- 
tinum, containing an excess of hydrochloric acid ; it deposits 
itself immediately, if the solution be concentrated, but when 
moderately diluted, it makes it« appearance only after the 
lapse of some time. The crystals which are deposited are 
rather liable to retain an excess of picoline, which renders it 
ndrisable to redissulve them in a dilute solution of chloride of 
platinum with a little hydrochloric acid. From this solution 
it is deposited pure, on cooling, in the form of fine orange- 
yellow needles, which can easily bo ubtaiiieJ half an incli long 
even when operating on very small quantities. It is much 
more soluble both in water and alcohol than the aniline salt^ 
and indeed than the platinum salts of the organic bases gene- 
ndly. It requu'ea only about four times its weight of boiling 
irater for solution. 

The crystals of this salt, after washing with alcohol and 
ether, and drymg at 212 , gave the following results of ana^ 
lysis: — 

10*033 grains of chloride of platinum and ptcolino gave 
8*862 ... carbonic acid, and 
2-760 ... water. 

The determination of the plu.tinum, as formerly mentioned, 
gave in two diflcrcut trials 32-5-14 and ^2-522 per ceut., the 
mean of which is 32"u33. The analysis corresponds with the 
formula C„ H; N, H CI, Pt CI,. 
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Tlt«ory. 


BD^riMMiL 


0„ = 900-0 


24-07 


2409 


H, = 100-0 


2'«7 


305 


N = 177-0 


4-73 


«• . 


Ca, = 13S0'4 


35-59 


. « • 


Pt = 1232-0 


32-94 


32-533 



37^9-4 10000 

Chloride of PieoUne and Mercury. — WLen picoUne is added 
to a concentrated solution of bichloride of mercury, a white 
curdy precipitate iiuinediJitely falls. If, however, tJie solu- 
tion be dilute, it is not precipitated for some lime, and then 
appears in the form of radiated silky needles. It is sparing- 
ly soluble in cold water, more readily in hot. It dissolves 
pretty abundantly in boiling alcohol, and the solution, (m. 
coaling, depositu it, Hometimea in prismntic, sometimes in I 
fcatliery crystals. It dissolves readily in dilute hydrochlorif 
acid, with the formation of a peculiar compound which 1 have 
not particularly examined. Boiled with water it is decom- 
posed, picoline being evolved, and a white powder being de- 
posited. 

In the analysis of this compound I interposed, between tht 
combustion tube and the chloride of calcium apparatuf^ a sinsll 
tube ill which the mercury and water wci*c condensed, and ftt" 
the conclusion of the process, a consent of dry air, heated t^j 
2l2^ was drawn througb the tube, by means of which thaj 
water was conveyed into the chloride of calcium apparatus' 
Tlie salt was dried simply by exfwsure to the air, as it loses 
picoline when heated ; when analysed it still smelt of picolinCf 
which accounts for the excess of carbon obtaiined. 

The following are the results of the analysis : — 

10'06S grains cfilorMe of mercury and pieoline gave 
8'345 ... carbonic aoid, 
216B ... wiitor. 

This corresponds to the formula C» H; N + Hg CU, which , 
gives the following results : — 

Theory. 
C,, = 000-0 . 19-63 

H, = 87-6 1-90 

N = 177-0 3-86 

CI, = 5870 lO-S.-i 

iig = 2531 •« . 55 26 



Iiix]iertniv 

20.51 

2-19 



45331 



100-00 




Dr Anderson on the Properties of ricoUw. 295 

This aaXt diifera iti constitution fi*om the nniline auJt, which. 
is represented by the formula 2 (Cia H,- N) 4 3 Hg Clj ; it 
tallies, however, perfectly with the compound of chinoline and 
bichloride of nierrurv^ which m Ci. IL N -t- Hg Clj. 

1 have not pai*ticularly examined the other compounds of 
picoline. 



Products of DecompojiitioH of Picoline. 

The Bmall quantity of picoline at my disposal has hitherto 
prevented my examining particularly the products of its de- 
composition, II branch of the subject which presents numer- 
ous points of interest. Such results, however, as I have ob- 
tained, indicate n striking difference between the products 
afforded by it and aniline. 

When treated with nitric acid of specific gravity 1'5, pico- 
line is immediately diRsolved, but without communicating to 
the fluid the fine indigo-l>lut colour which anilin« pi-oduces 
under similar circumstances. On the application of heat 
there is produced an ostrcmely slow evolution of nitrous 
fumes, which contrasts stvikiiigly with the tumultuous action 
which aniline produces. After very long-continued treat- 
ment with nitric acid, the fluid was evaporated to a very 
small bulk, when it deposited largo crystals in the fonn of 
rhomboidal tables. These crystals, on being treated with 
potass, evolved picoline unchanged. The potass solution was 
red, but it contained no carbazotic acid, at least no carbazo- 
tate of potass was deposited on evaporation. 

An excess of bromine water added to picoline causes an 
immediate and abundant precipitate of a reddish colour, 
which, on standing during the nighty deposited itself in the 
ftwm of a transparent reddish oil. This substance is desti- 
tute of basic properties, and is readily soluble in alcoliol and 
ether, but not in w^jiter. Aniline, when treated in the same 
manner, gives, as is well known, the bromaniloid of Fritsche^ 
which is solid, and crystallises in silky needles, fusible at 
232". It seems probable that tlie oily fluid obtained from 
picoline may possess a constitution similiar to that of broma- 
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niluid, in which caAO il would have the funiiula CuTH^Bh^N, 
ttnd would receive the name of bromopicoloid. I had not 
enotifzh of it for anftlyms. 

Tlie action of cblurtne ou ptcollue is remarkablv anal<^UB 
to that which it produces on aniline. When passeil into 
anhydrous picoline it is rapidly absorbed, and colourless 
crystals, apparently of hydruchlumte of picoline, are depoEul- 
ed. In a short time, however, the fluid becomes dark brown, 
and 18 finally converted into a resin. This rertin was mixed 
with water, and a current of chlorine paused thruugb it for 
frame hours. The fluid was then introduced into a retort, 
and distilled, a {Tystalline subHtjince pantied over along witli 
the water, and ailter all the water had jMisaed, another sub* 
stance mode its appearance, while a lai'ge quantity of carbon 
was left in the retort. The quantity in which I obt-ained 
these substances was far too small io admit of tlielr particu- 
lar examination, but it appeared to me that the odour of the 
latter substance was different from that of chloropheneRic 
acid, which is produced by the action of chlorine on aniline. 

The pi-eccding investigation is sufficient to establish the 
identity, in constitution and difference, in properties of pico- 
line and aniliuc. These substances are then isomeric, in the 
strict sense of the tcmij po-ssessing the same composition per 
cent., and the same atomic weight. 

Although isomerism has been recognised in a great va- 
riety of different classes of compounds, 1 believe the present 
to be the tii'st instance in which it has been satisfactorily 
proved among organic bases. Two instances, indeed, have 
been previously described, but in neither can the evidence be 
oonsidcred absolutely conclusive. One of these cases is that 
of two bases discovered by Pdletier and Couerbe* in the 
husks of the Coecnlus Indicns, to which they have given the 
names of Menispcrmiu and Paramenispermin. The charac- 
ters which they have assigned to these substances are suffi- 
ciently distinct, but their analyses of both lead to the formula 
CigHiiNOj. This result, however, is unsupported by any 
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iletcruiinatloD of tbeir atomic weights, without which tlie 
isomerism cannot be admitted as prnveil. Tlie other in- 
«tance is that of bebuerine, which, according to the analyses 
of Dr D. Maclngan/ is isomeric with morphia^ botK being 
represented by the formula CjsHauNO^; and as t-his result 
is supported by the analysis of the platinum coinpaund, the 
probability of their isom-eriBm is much higher than in the for- 
mer case. Unfortunately, however, another source of fallacy 
enters into the question in the amorphous condition of be- 
beerine, which renders it inipoaaible to determine with cer- 
tainty its freedoili from impurity ; even the constitution of 
morphia, by far the most definite of the two aubstancos, can 
Bcareely be considered as Sxed, Gerhardt, fur instance, re- 
preBenting it by the formula C,b H„ N Oo, and not by that 
formerly given. 

With aniline and piculine, liQwever, these unet^rtaiuties 
disappear. Both subaianccs are poaaessed of definite boiling 
points widely different from one another, irnd of all the other 
physical characters of pure substanceB. The lowness of ihtjir 
&tomtc weight also precludes any possibility of doubt regaivl- 
iog the true formula, and enables us to speak with certainty 
as tu the identity of their constitution. The isomerism of 
these substances is, moreover, of much higher interest in a 
theoretical point of view. Meniapermin and morphia are 
isolateil substances, entirely unconnected, in constitution or 
general relatioTus, with any other substance. Aniline, on the 
other hand, is a member of one of the most extensive, widely 
distributed, aud interesting groups uf substances, with which 
tile recent discoveries of organic chemistry have made us 
Mcqnainted, the Indigo Salicyl and Bemeoll series. The 
members of this large group already present a variety of 
iiistoJices both of isomeric and polymeric compounds, a few 
of which I have here brought together in the form of a table, 
which does not pretend to any scientiiic arrangement, its sole 
object being to point out the remarkable relations of aniline 
and picoline to the gi'oup. 
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Indlgogene, . • 

ine, 

Anlhrftiiilic ocW, , 
Salicylic arid, 
NitTosaHc^-lic acid, . 
Bcnzoir acid, . 
Nitrobcnzoic acid, . 
Clilorobenzoic acid, . 
Hydruret of bcniotl 
Boiizonitril, . 
Stilbeue, 
Pb*nol. . 
Aniline. 
Tribromaniline, 
Bonzin, , 
Nitrobcniid, . 



t^,H>NO, 

C,.H»NO. 
C„H,N04 
C,.H,0. 
C„H.(N04)0, 

ChH,(NO.)0. 

CuH.ClO* 

C„H,0, 

ChH, 

CoH.Br, N 
C„H,(NO.) 



Indine. 



Sitlicjlous acid. 

KitroRalicylooB acid. 
Chlorosalicyloufl acid. 
Benzoine. 
AzoUdc of fienioU. 



Pioolino. 
TribromopkoUno ? 

? 



The fjifility ivitli which aniline can be obtaincil bv the de- 
composition uf different members of this group, rendors ilby 
no meang impossible to anticijiate the artifirial productioo of 
picoline vi\^o. 

As we can start from benzoic acid, and convert it into ben- 
ain, benzin into nitrobenzid, and that finally into aniline, by 
the action of nulphnretted hydrogen, it seems by no means 
improbable that tiaUcyloua acid, the isomeric of benzoic acid, 
may be made to underjyo a similar series of changes, the final 
result of which wuuld be the formation either of picoline, or 
of Bome other compound isomeric with it and aniline. Ib 
oder to subject this hypothesis to the test of experiment, I 
mixed salicylous acid with equal weights of slaked lime and 
caustic baryta, and diatilled in the oil bath, with the view of 
obtaining a substance which should be isomeric with benzin. 
The greater part of the salicylous acid, however, passed orvf 
unchanged ; but by agitation with solution of potass, there 
was left undissolved an excessively minute quantity of a solid 
crystalline substance. Finding this mode of operating unsuc- 
cessful, I passed salicylous acid over spongy platinum heated 



* ti«rlia.rclt bas observed (I'recU da Cbimie Qr^iuii4]U«, tom. It., p. SI), that 
aic add, wbuc fuKd wltb bydrate of potaw, «voIv«« hydrogen, aucl gives 
Ipotaaa aalt or a aow acid. This may ptNuibly be isomeric wltb nllcyllc arid. 
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to a very low red heat hx a glatta-tube. A dark viscid oily fluid 
passed OTer into the recipient, of which the greater quantity 
disaolved in caustic pota»», but left behind u lai'ger quautiiy 
of the solid substance than was yielded by the first experi- 
ment. By distillation with water thia substance passed into 
the receiver in the form ol" oily drops, which solidified on cool- 
ing, and formed a crystalline mass in which minui* needles 
could he detected. It had a peculiar pleasant smell which 
resembled that of benziu ; but the quantity which I obtained 
was umeh too minute to admit of its anatyaia, or of any at- 
teoipt to convert it into picoline. 



Pmtvcrijit. 

Although the uuulogy existing between picoline and the 
otber olea^nouf! baetes is perfectly sufiiciont to weiTunt the 
inumptiou of the abseuee of ox^geu in that substance, I have 
thought it advi&able to append here an experimental deter- 
laiaaijoo of the nitrogen. As the volatile bases cannot b« 
readily analysed by VaiTCUtrap and Will's method, I made 
a combustion of the platinum salt, and determinod the pro- 
portion by volume of the cai'banic acid and nitrogen in four 
tubes, which gave the following results : — 

I. 91 Tolumes gare 8* uitrogeD. 
n. 240 — 18- 

m. 84 -.. 6-5 ... 

IV. 421 ... S5- 

839 67-5 

These results give the ga&es in the proportion of 11^ to I ; 
m other words, they »bew a slight excess over the theoretical 
result, according to which they should be in the proportion 
of 12 to 1. They confirm perfectly, however, the absence ot 
oxygen. 
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On the Cause of Induration of sonte Siliceous Sandstones, By 
John Davy, M D., F.K.S^ London and Edinburgh, Inspec- 
tor-General of Army Hospitalfl. . Communicated by tlie 
Author. 

There is a remnrkable contrast between the sandstones of 
the ueighbourhofl>d of Edinburgh and Glasgow and those of 
*' Scotland," — a hilly distrift so called in Barbadoea. Wliilst 
many indications denote that they Wloiig to an analojfonR 
formation, their character, as to induration, is widely differ- 
ent. The siliceouH sandstones of the neij^hhourhoud uf Edin- 
burgh and Glasgow, owing to their firmneBS, and the mod^ 
i-ftto degree of cuhcston of their particles, are, as it is well 
known, excellent building stones ; but most of those of the 
district of this island mentioned, are un6t for such a purpose, 
from the looseness of their texture, some of them actually 
falling to pieces when immersed in water. M'hcn chemically 
examined, however, uo well-marked difiereuce Is discovered 
in tiieir composition. In a crumbly siliceous sandstone, the 
strata of which are nearly vertical, constituting the seaward 
face of & singular hill in tlus island, called " Chalky Mount," 
I have detected minute portions of olumine, lime, fixed alkali, 
and phosphate of lime. In the fine-grained compact sand- 
stone of Craiglcith quarry, near Edinburgh, I have detected, 
also, a very little carbonate of lime, and magnesia, and oxide 
of iron, with a trace of phosphate of lime and organic matter. 
The one stone, that of this island, disintegrates in water, ren- 
dering it slightly turbid, falling to pieces, reduced to sand, as 
the water penetrates between the griiius ; and moi*e rapidlv 
so when acted on by an acid. The other stone, after the ac- 
tion of an acid, retains its original firmness unalteretl. I 
speak of the pure siliceous kind, such as I examined. 

On what does this difference depend 1 

Wlien the two sandstones are reduced to powder or sand 
(Uio more compact one is easily so reduced by gentle attri- 
tion under water), and they are placed under the microscope. 



the sand of the loose sandstone is fouud to have a different 
character when compaFcd with the sftnd of the compact stone ; 
one is seen to be watex'-worn, even the minute crystals of 
qiiartJE which may be occasioually observed ; the other ia found 
without marks of beinj> water-worn, the grains with sharp 
edges and anijles, and many of them crystalline. When 
fragments of the two different sandstones are similai-ly ex- 
amined, the loosely-cohering one exhibits the water-worn 
grains separated by matter hi a much finer state, of challt- 
Kke appearance ; whilst the coropact one displays the anga* 
lar sharp-edged crystalline grains in contact-, and as it were 
entangled, without any finer granular matter intervening. 

Does not, then, the cause of the ditferenco under consider- 
ation, exist in the circumstances which the microscope brings 
to light! Is not the compactness of the Edinburgh stone 
owing to its being crystalline, the crystalline grains ad- 
hering together ? Is not the looseness and want of cohesion, 
under water, of the Barbadoes stone, owing to its grains hav- 
ing been all deposited water-worn, without any crystalline ce- 
ment', and having interposed a fmer granular matter, a kind 
of clay, absorbent uf and yielding to water i 

I have said that these two sandstones belong apparently 
to analogous fonnations. Perhaps, I'arther inquiry may prove 
that whilst the crystalline i*ock is of the group of the old red 
sandstones, the other, without a crystalline siliceous cement, 
belongs to one of more recent origin, — or the group of new 
red sandstones. 

Though most of the sandstones of this island arc of the 
character pointed out, there are exceptions, — indeed in the 
district referred to, as regards the equality of firmnesSj a 
complete gradation is often observable from loose uncoher- 
ingsand U> compact sandstone, and that in contiguous strata. 
A hill near "Chalky Mount'* consists of such strata; here 
may be seen a layer of loose siliceous sand, resting on a tlun 
stratum of loose sandstone, and covered by one that is com- 
pact, and this to the extent of many alternations. Where 
there is any compactness in these strata, they are found to 
awe it cither to carbonate of lime, or to peroxide of ii-nn, or 
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to both ; which are, L believe, the conimon cementing princi- 
ples of the g:enerality of samlatoneH, whether Biliceuas orcal- 
careoufi. 

I may mention incidentally, aa tending to shew the aiifr 
logy alluded to between these Htrata of sandstone in tb« 
hilly part of Barbadoos, and those occurring in the Lowlands 
of North Britain, that the former are associated with, or suc- 
ceeded by, bods or stratA of various clays» — by beds of silice- 
ous matter composed almost entirely of the remains of info- 
suria, and by beds of chalk abuimding in similar infusoria, 
with seams or deposits of bituminous coal interspersed, — in 
one instance mixed with anthracite, and with strata having 
the chaniotei- of vulcanic asliea, — besides others, 'lima ex- 
hibiting, in a small space, an extraordinary variety, and tbti 
the moi*e remarkable from the conti'ast as to geologit-al struc- 
ture of by for the larger portion of Bwbadocs, remarkable 
for ita uniformity. Its prevailing rock is an aggregate or 
fragmentary one, consisting chiclly of shell and coral lime- 
Bione, and freestone, iti many places abounding iu species of 
shells and corals identical wiCh species existing at present in 
the adjoining seas. 

It has been supposed by those who have hitherto written 
OD the geology of Barbadocs, that the shell and coral lime- 
stone is lower in the series of rocks than sandstone, and the 
other sti'ata raentioned. But tins is clearly a mistake. The 
shell UmeRtonc may be seen resting on clay in some of the 
Bea-cliffa ; and some of the summits of the hills in the lesser 
district are capped with freest^jne or shell limestone, in which, 
in one instance, I have found the teeth of two diflerent spe- 
cies of shark. 
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At/dreeg deiivered at the Annitcrsarif Meeting of the Geologi- 
cal Society of London, oh 20th Fefjruary 1846. By LkON AliD 
HoRHER, Esq., V.P.R.S., Presideut of tbe Society. 

(ConclDdnd rmn p. ISfi.) 

Metallic Products. 

The protruBionn of ig;neoiiB pocka along tlie line of the 
Urals were accompanied thi-oiighout a gi-eat part of the chain 
by the formation of numerous and extensive metallic veins, 
particularly on the eastern fldiiks, the chief seat of the me- 
tallic riches of Kussia, especially in copper and iron. The 
geological details connected with these metallifei-ous rocks 
constitute a large and iutereaiing part of Sir R. Murchison'a 
work. Ouo of tlie most important geological features con- 
nected with tlicm, and it is one which appears to he well 
established, is the comparatively recent date of the eruptions 
which broiiglit these metallic prcxlucta of nature's crucibles 
within the reach of man. The accounts of the rich gold de- 
posites ai-e curious, and the ejection of the rocl* in which that 
metal is contained appears to have been very modem — little, 
if at all, anterior to the destruction of the mammoths, whose 
remains are entombed in the gravel which is found every- 
where in the depressions of the Ural chain, and which covers 
vast regions of Siberia. The matrix appears to be quartz in 
the form of veins ; but to find the gold in that state is ex- 
tremely rare. It is found in lumps and grains that have 
been rolled, mixed with other detrital matter. A lump 
weighing about seventy-eight pounds English, found in 1S43, 
is now in the Museum of the Imperial School of Mines at 
St Peticrsburg. 

Several curious facts ai'e adduced to shew that some of the 
ores of copper, particularly the gi-een carbonate or malachite, 
are aqueous productions, derived from pre-existing ores, as 
calcareous stalagmites are derived from limestone roclcs. 
In the copper mine of Nijny Tagilsk, at a depth of 280 feet 
from the surface, an immense irregularly- shaped botryoidaj 
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juaM of solid pore maluchite waa fonnd. of a bulk e&timat«i) 
at upwards of half ii million of pounds n<iglit, presenting iu 
its interior tbc wavy radiations and silky structuro of tint 
beautiful mineral ; almost identical in Btmctnre with m^ 
calcareous semi -cry BtaUine minerals, of whose aqueous origin 
no doubt exists. 

AU the best iron of Hussia is brought from the Ural chain 
and its fla&ks. It is found in veins in greenstones, and in- 
termixed with the mass of erupted rocks of that class, oflea 
iu gi'cat abundance at the junction of the igneous and strati- 
fied rocks, these last being in a met:imorpluc state. Mag- 
netic iron ore is the chief foi*m in which the metal is fuund, 
and it constitutes vast masses, sometimcs^worked in an open 
quarry. 
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Cftanget in tha Rdatwe JLevd of S«a and Land. 

!^ou are well aware that proofs of changes in the relative 
level of the sea and land along certain shores, paiticularly 
in the Baltic and Mediterranean, since our continents and 
adjacent islands were bmmded by their present lines of coast, 
had attracted tlie attention of some of the earlier geologists; 
but it is only within a comparatively recent period that the 
discovery, in numerous instances, of the action of the sea at 
clcvatious far above its present level, in what have been 
termed raised beaches, has excited due attention to this moat 
important class of geological phenomena ; changes whtcfa 
may almost be said to come within the range of our expe- 
rience, and whicli appear to afford a key to the right solution 
of many analogous changes during periods long antecedent. 
We have for some time known that eroded rocks, and long 
lines of level beds or terraces of shingle, sand and clay, 
mixed with broken shells like what we now iind at the sea- 
shore, are met with along; the coasts of Sweden, and in Nor- 
way and the islands adjacent, from the Naze to the North 
Cape, and even to Spitzbergen. These beds of detritus, 
which have been found at elevations of 600 feet, and are 
sometimes above 160 feet in thickness, usually rest on the 
solid rock, and frequently contain sheila in a perfect state of 
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preBcrvation an to freshnesB and colour, the bivalves, which 
are identical with speeioa now Wvinfc near the shore of the 
adjoining sea, retHining tlieir unitinnr ligament ; indicating 
that the changes have occurred, ciDier during the latter part 
of the tertiary period, or at the cummencement of the exist- 
ing geological period. Tliese facts are described in the writ- 
ings of PlaJ^^[u^, Von Buch, Keilhau, Sefstrom, Lyell, and 
others, and aomc very remarkable caacH have recently been 
^ven in a memoir by M. Eravais,* who resided a year in 
Finraark, between the seventieth and seventy-first degrees 
of latitude, and who has measured with great care a series 
of tcn-nces op raised beaches in the Alten Fiord, which ex- 
tend over a lino of coast from fifty to sixty miles. 

The western coaat of our own island has alao, as yon know, 
aflbrded some most remarkable instances of these changes of 
relative level of sea and land, t'TOra the north of Scotland to 
Cornwall, and in some cases at a much greater elevation than 
in Norway, as at Mool Tryfane in Caernai-vonsbirc, more 
than 1000 feet above the sea. That they have not been 
found in as continuous cxt«nt in Britain as in Norway la 
perhaps owing to this, that the shores of our island being 
cultivated, these banks of loose materials would gradually 
become obliterated. 

But it is not the shores of Europe alone that have afford- 
ed proofs of these changes ; the continents of North and 
South America exhibit them on a far grander scale, buth on 
the Atlantic and Pacific coasts. We are indebted to Mr 
Darwin for descriptions of many remarkable instances ; and 
some of these whitii have recently come again under our no- 
tice, in the second edition of his " Jonrnal,'* published within 
the last few months, I will draw your attention to. I know 
DO geologist whose observations, and the iufereuccs he draws 
from them, are more to be relied upon ; for he examined the 
comitry he describes evidently uninfluenced by any precon- 
ceived opinions. They have, besides, a bearing upon some 




* A trnifflluttoii of tbis valunble memoir i* given in tbc fourtii aumbor of the 
(liwrtorly Journal of tbc Oenlogical Society. 



rre§h accessionR to onr knowledge of facts of this description, 
both in Europe and North America, during- tlio past jear. 

At Co(iuimbo, in northern Chile, five narrow, gently slop- 
ing, firinge-like terraces, rise one behind the other, and, where 
best developed, are formed of shingle. At Guusco, farther 
north, the terraces aro much broader, and may be called 
plains, and they nin up the valley for 37 miles from the 
coaat. Shells of many existing species not only lie on the 
Burfiice of the terraccB, to a height of 250 feet, but are im- 
bedded lu a friable calcareous rock, which is iu some places 
as much as from 20 to 30 feet in thickness ; and these mo- 
dem beds rest on an ancjent tertiary formation, containing 
shells apparently all extinct. ** The explanation of the fomia- 
tion of those tormcea must be sought for, no doubt, in thd 
fact, that the whole sonihern part of the continent has been 
for a long time slowly rising', and, therefore, tliat all mattei* 
deposited alon,^ shore in shallow water must have been sooo 
bi*ou^ht np and slowly cxj^used to the wearinjj; action of the 
sea-bcacb.'' * Uc describes a great valley near Copiapo, 
reaching far inland, the bottom of which, consisting of shingle, 
is smooth and level ; and states that he hait little doubt that 
this valley was left, in the state in which it is now seen, by 
the waves of the sea, ha the land slowly roso.t Ho then goes 
on to state, " I have convincing proofs that this part of the 
continent of South America has been elevated near the coast 
at least fi-om 400 to 500, and in some parts from 1000 to 
1300 feet, since the epoch of existing shells."} Speaking of 
the neighbourhood of Valparaiso he says, — " The proofs of 
the elevation of thiH whole line of coast arc unequivocal ; at 
the height of a few hundred feet old-looking shells are nu- 
merous, and I found some at 1300 feet. These shells either 
lie loose on the surface, or are imbedded in a reddish-black 
vegetoble mould. 1 was much surprised to find, under the 
microscope, that this vegetable mould is really marine mud, 
full of minute particles of organic bodiea."iS 

So far for instances of changes in the relative level of sea 
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and land on the woEttem tthoran of tho cuntment ; they are 
no less conspicuous on the Atlantic side. ■' The land fi*om 
the Rio Plata to Tierra del Fuego, a distance of 1200 miles, 
hafi been ifiised in mass (and in Patagonia to a height of be- 
tween 300 nnd 400 tbct) witliin the period of now existing 
Rea-8l)el]s. The old and weathered nhellB left on the Rurfacc 
of the upraised plalii still partially retain their colours. The 
nprising movement has been interrupted by at least eight 
long periods of rest, during which the 8i?a ate deeply back 
into the land, forming at successive levels the long lines of 
cliffs or escarpments which separate the different plains, aa 
they rise like steps one behind the other.''* 

Now it is important to observe, that in some of the above 
instaneea, axid also in others which Mr Darwin gives, the 
proofs of change are not in terrac-ew or raised beaches only, but 
that there are bi*oad expanses of land far from the sea-coast, 
where marine shells of existing species lie near the surface 
and npon it ; in other words, that we have that which re- 
cently was a sea-bottom now forming an elevated part of the 
continent. 

The authors of the " Gkiology of Russia" have dcacribotl a 
sea-bottom, extending nearly 200 miles inland tTom the shorea 
of the Arctic Ocean, which they were the first to discover. In 
ascending the Dwina, which ilows into a bay of the Icy Sea 
at Archangel, they diseovored at about 160 miles from that 
city, near where the Vaga, a trlbniary, falls into the Dwina, 
a profusion of shells having a very modern aspect, regularly 
imbedded in clay and sand of abont ten feet in thickness, 
which, covered by about twenty feet of the coarse gi'avel and 
detritus of the country, reposed on red and white gypsum, 
subordinate to red marls of the Permian system of rocks. 
They traced these shelly beds to a distance of about 8 miles. 
Some of the shells preserved in the blue clay or marine sand, 
and thereby excluded from atmospheric influence, have re- 
strained all the freshness of their original colour, with their 
valves often imited ; aud the whale, even when blanched, are 
generally in a good state of preservation. What they col- 



lected were cnrofully examined by skilful conchologisU. Di' 
Beck of Cnprnbn^cn cuDsidered all lie cxamincU to be iden- 
tical with thoAc now existing in noi-tbcm seas which rauj|i:o 
from 42"" to Si** Kouth lutltudc. Mr Smith of Jordan Hill 
was of optoion, that, though many of these species are recent, 
Rome arc of peculiar varieties, now found in desiccated and 
elevated sca-beachcs only. Mr LyoU recognised the group 
aft identicAl with tliat which he had described from Udderalia 
in Sweden, a distance of a thousand miles fi*om the Dwina; 
and Mr G. Sowerby Htated, that the shellii, though on the 
whole an association of existing species, have yet among 
them forms seldom, if ever, found except in mise^l sea-bottoms 
of a subfossil character. The authors estimate the place 
where these shelly beds occur to be about 150 feet above the 
sea at Archan^ol» and consider them to afford undoubted 
evidence, that the land, from the Vaga to Archangel, was ft 
sea^bottom diu'ing the period of existing species. A umilar 
estuary appears to have exist-ucl about 300 milea eastward, 
in tlie valley of the Petchom ; for Count Keyserling found 
fragments of sea-shells, apparently of existingarctic forms, at 
a distance of 180 miles from the present embonchurc of that 
river, slrewod upon argillaceous slopes in the depression of 
the valley, lie further observed, that they do uot occur in 
the adjoining plateaux ; and that these higher grounds are 
occupied by sand, gravel, and clay, contaiuinghere and there 
bones of the mammoth, from which he infers, that tlie shelly 
depositos were formed in a bay of th» sea that extended far 
into low lands, which were then inhabited by great extinct 
mam nt alia. 

In the sketch given by the same authors of the stnictare 
of Sibena, they adduce a body of very satisfactory evidence 
to justify the inference they draw, that the vast region in 
which the bones of mammoth, rhinoceros, and 6o» uruj, are 
80 abundantly disperaed, and especially the wide and low tract 
of northem Siberia, and all the low promontflries between 
the Obe, the Ycncssei, and the Lena, were elevated at a pe- 
riod long subsequent to the time when large herds of these 
animals for many successive generations inhabited that re- 
gion. Following up the views first propounded by Mr Lyell, 
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to whutii they do full Justice, they infer thai the change of 
elimate. the dim ii)i shed temperature, oceastoned by the in- 
crease uf land when tho aea-buttunis of thettu eHtmu'ies aud 
shores were upraised, caused the extinction of these great 
quadrupeds. 

Although the great tract of country from the Baltic to tUe 
elerat«d region westwnM of the Ural Mountaina lnw not 
been locally broken up by eruptive rockH, there i» ample evi- 
dence to prove that it lias been subjected to the action of 
aubterranean forcen, whicli elevate^l the whole region, after 
the deposition uf Miocene tertiary beds, and after tlie land, 
while submarine, bad as.suuied its present form. " Fi*om 
the German Ocean and Hiimburgli on the west to the White 
Sea on the eaat, a vaat stone of country, having a length of 
near 2000 miles, and. a width varying from 400 to 800 miles, 
is more or less covei'od with loose detritus, including erratic 
crystalline blocks of coloKsal Hize, the whole of which blocks 
have been derived from the Scandinavian cliain.'** The 
eastern and sou tli-eas tern boundary of these erratic blocks 
mai-k the line of coast westward of which all the land as 
far the shores of the Baltic was then submerged. Between 
that line of coa«t and the Urals is the region that constitutes 
the Government of Pei*m, Viatka, and Orenburg; and for a 
considerable space to the west of the Ural, there is not a 
vestige of any snperticial deposite which can be referred to 
the influence of the sea. *' We believe, therefore,'' says the 
authors, " that the region so characterised was really above 
the watei*B, and inhabited by aiammoths, when the erratic 
blocks were ti'ansportoil over the adjacent north-western sea.*' 
The amount of this elevation, subsequent to the covering of 
the sesv-bottoui by the northern dnft, must have been at least 
from 800 to lOOO feet ; for the tops of the Valdai Hills, a 
range on tlie eastern borders of Lithuania, and to the south 
of the Government of St Petersburg, which rise in some 
places to that height, are covered with these blocks on their 
southern slopes. 

Mr Lyell, speaking of the country near Savannah in North 
America, says, " It is evident that at a comparatively recent 
period, since tlie Atlantic was inhabited by the existing 
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Hpecies of marine testacea, there wus an upbcnval aod lajT' 
ing dr_y of the hud of the occait in this region. Tlie flat 
countrj' of marshes was bonnded on it« inliuid aide by asleep 
bank or aueieni cliff, cut iu the 8ftndjr tertiary strata ; luid 
theif are other inland eliffti of the Kame kind, at difTercnl 
ht>ight>4, imj)lyiug the suL-eessive elevation above the sea uf 
the whole tertiary region." In a letter which I receired from 
him a few days ago, datt^l from Savunnoii, Mr Lyell tells me 
" timt be had seen on the coast of Georgia quite a cuuulcr[iart 
of the temwcs, or successive cliffs of Patagonia, cot out of 
the tertiary depostitea." But there ai*e also evidences on thai 
coast of a downwaiti movement at the present time. Mr 
Lyell Bayi», " there have also been subsidences on the coaet, 
and porhapH far inland ; for in many places near the sea then* 
are signs of a forest having become submerged, the remains 
of erect trees being seen enveloped in stratitied sand and mud. 
I even snspcct that this coast is now sinking down at a alow 
and insensible rate, for the Rea is oneroaching and gaining at 

many parts on the freshwater marches Everywhere there 

ore proofs of the coast having sunk, and the subsidence seems 
to have giine im in very modern times." Speaking of some 
phenomena connected with a boulder formation at Brooklyn 
near Xew York, he says that he had come to the conclusion, 
" tlial the drift waa deposited during the suecfsaive snh- 
mevgence of a region which had previously been elevated and 
denuded, and which had already acquired it« present leading 
geographical features and superficial configuration.'' In the 
region near the Falls of Niagara, on Lake Ontario, and in 
the valley of the St Lawrence, he enumerates many uneqai- 
vocal proofs of emergence and submergence duiing the mo- 
dern period now under consideration. He states, (hat in the 
valley of the St liawreiice he seemed to have got back to Nor^ 
way and Sweden, passing over euoi*mous spaces covered by 
deposites so modern as to contain exclusively shells of recent 
species, resting on the oldest palceozoie and older non-fossl- 
liferons rocks. Wide arci-bs are covered with mai'ine shells o( 
recent species, at the height of 500 foot above the sea, aiiJ 
whci'c all tlic rocks can be shewn botli to have sunk and to 
have been again uplifted bodily, for a height and depth of 
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many hundred feet., since the depoeition of thc»o she1U< At 
the village of Beuuport, three miles below (Quebec, he made 
R, collecfion of shells ft'om a cliff consisting of a series of beds 
of clay, Rand, gravel and boulders ; and ho statea that when 
they arrived in Loudon, Dv Beck of Copenhagen happened to 
be with him ; and *' great was our surjiriae," he adds, " on 
opening the bos, to find that nearly all the shells agreed spe- 
cifically with fossils which, in the summer of the preceding 
year, 1 had obtained at UJdevalla in Sweden, and fijjured in 
my paper ' On the Rise of Land.' &c. in the ' Philosophical 
Traniiactious' for 1835. Among the species most abundant 
in these remote rcgioos (Scandinavia and Canada) were Sari- 
cava ruffotta, Mtfo Iruncafa, M. annaria, Tellina cafrarea^ T. 
Grteniantlica, Kmlica rlauaa^ and Balanuis Udtfenalieneia. All 
of them are species now living in the northern st-as ; and 
wbereaj) 1 hail found them fossil in latitudes 58" and fiO' N., 
in Sweden, Captjiiu Baylield sent them to mc from a part of 
Canada, situated in latitude 47" N." 

Ascending the St Lawrence, he found near Montreal, at a 
height of about sixty feet above the river, great numbers of 
the Mytilus eduiig, retaining butli valves and their purple 
colour, associated with Teliina G rce/ilandtca and Saxicaea rit- 
floaa, in horizontal beds of loam and marly clay. Ho found 
tiie same shells at ninety i'eet associated with boulders of 
gneiss and syenite three feet in diameter, characteristic of the 
Cauadian drift; and he wnn afterwai'd)^ conducted to a hollow 
between the two eminences which form the Montreal moun- 
tain, where he found a bed of gravel six feet thick, contjiining 
numerous valves of Saxirava rujo»a and Tellina GrcFulnndica. 
This bed he estimates at 540 feet above the sea, 30G feet 
above Lake Ontario, and only 2b feet below the level of Lake 
Erie. 

Sucb compai-atively modern changes in the relative level 
of tlio land and sea, were ascribed by the earlier geologists, 
ftod are by some still ascribed, to a rising or sinking nf the 
tea, Playfair, nearly half a century ago, combating this 
opinion nmintained by the Svvetlish naturalist Celsius, de- 
monstrated the untenable nature of such an hypothesis; it was 
he who first shewed tJiat these changes of relative level are 



Ifthme expIii'.iWo hy the iniiv(ii»ent<i of the land, ami tlmta 
manent change of level of the sea, in detaeheil regions of 
earth's »urfiu;e, is physically impossihie. '* The imaginatioD," 
he snys, " naturally feels U-ss difficulty in conceiving that att 
unstiiblc fluid like the sea, which changes its level twice erery 
day, lias undergone n permanent depression ia its surface, 
than tbnt the land, the terra Jirma itaelf, has admitted of m 
equal elevation. In all this, however, we ai-c guided much 
more by fancy than by reason ; for, in order to dopresa or 

I elevate the absolute level of the aea, by a given quantity, in 
any one place, we must depress or elevate it by the same 
quantity over the whole surface of tbc earth ; wlicreas no surli 
necessity exists with respect to the elevation or depression uf 
the land. To malce the aea Hubside thirty fefit all aronnd tlie 
coast of Great lintiun, it is necessary to displace a body 
water thirty feet deep over the whole sui-face of tlie oi 
It is evident that the straplost hypothesis for explaining thi 
changes of level, is, that they proceed from the motion, 
wards or downwards, of the land itself, and not from that 
^ft the sea. As no elevation or depi'ession of tlie sea can biko 
place but over the whole, its level cannot be affected by li 
causes, and is probably as little subject to vanation 8« an] 
thing to be met with on the surface of the globe."* 

> Notwithstanding that this unanswerable doctrine wastl 
clearly laid down so far back as 1802, we still find geolog^ 
of authority speating of the sea having risen or fallen, in their 
endeavours to explain certain phenomena. I have wifUin 
^_ the last year heard this said repeatedly in this room; and in 
^B B recent excellent paper of ray friend Mr Maclairn of Kdhi* 
burgh, on boulders and gi-oovod and striated rooks obserred 

I by him on the shores of the Gare Ixx^li in Dumbartonshire, Afl 
excellent observer, and in general a sound reaaoner, I fin^ 
9ueh expressions as the following : — *' The anomalous fi^ 
sence of granite boulders at Gare Loch seems best Pxplaia<>Ji 
by assuming that they were floated on icebei-gs from Ben O* 
achan, Ben Nevis, or some other of the lofty granite mountain" 
ef the north . . . Tf/e sea must then have stood perhaps li 

* ntuslratlunn of Lli« IIuttonEan Tlieory, p. 44(1. 
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feet tU/ove its present level, to periali the rafts of ice to p&ss 
over the lowest \mvi of the barrier . . , . An iceberg start- 
ing from the West or North Highlands, and fl<tatinq in a sea 
1500 or 2000 /ce7 a(>ove the prrsent level of {Jie At/antic, is an 
A^ent perfectly capable of effecting the transportation of the 
stone, and offera, 1 tliiiik, the only conceivable solution of the 
difficulty .... W/ten the sea stood, as it certaitili/ once did stand, 
lOOO feet or more alnme its present levely a current would set 
eastward thivugh the gulf then occupying the low lands, of 
which the estuaries of the Forth and Clyde form the exti*e- 
mities." Speaking of an ancient beach 32 feet above the 
present high water line ou the shore of Oare Loch, he says, 
" We may infer that^ when the glacier occupied the valley of 
Gare Loch, the sea stood higher fkan it does now by at least 30 
feet, and probably a great deal more.''* It is possible that 
these may be mere inaccuracies of expression in describing 
changes of relative level of sea and land ; but if they are aoj 
they ought tu be guarded against, for they may be very easily 
misappi'ehfnded; and they tend to perpetuate an en-or that 
leads to the most false reasoning on many dianges on the 
earth's aurfaec. 

If the laud of Norway had been immovable, if the sea had 
fallen from a higher level, the lines of its former shores, as 
it Bank at intervals, would have been continuous and paral- 
lel; but the raised hoftches are, within short distances, at 
difierent elevalions. Other observers had marked this; but 
it is to M. liravais that we are indebted for the first exact 
measurements of the relative posjtinns of the suceessive ter- 
races, and these have demonatrated that their parallelistn ia 
only apparent. iXiring his i-esideneo on the Alten Fioi-d, 
near North Cape, he extended his levellings over a space of 
from 9 to 10 myriametres, that is, from about 55 to G2 Eng- 
lish miles; and he iLsciTtained, that the two great lines of 
aticicut lovel thei-e, which are on a slope rising fivm the sea, 
como nearer and nearer to each other as thuy approach the 
present shore; tiieir greatest elevation is in the upper part 
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of the FiorJ, and they are there widcflt apart. U in evideuU 
thi-retorc, that the movement of the land has been tliffcrcnt 
Id diflerent parts of the Fiord It seems as if the continpn- 
tal mafts had hecn elevatetl with an inclination seaward, the 
axis of motion corresponding nearly to that of the great chain 
of the moimtnins of Norway. It is most desirable, that mea- 
sarements similar to those of M. Bravais should he made in 
all places where there are terraces or raised beaches, one 
above another, along onr coasts. Mr Darwin's explanatiflfl 
of thu purallel roails of (ilen Uoy, that thev are antifint ueS" 
beaches, appears to be now generally accepted ; and it ivonld 
be most interesting, if it were ascertained by exact levelling*, 
such as thos** of M. Bravais in the Alten Fioiil, whether they 
are really parallel ; because, as M. Bravais well n* inarks. 
they may seem so to the eye, which can taiie in only a small 
part of the space they occupy, while exact measnroment* 
might prove that the appearances are deceptive. 

That land, in various parts of the earth, has undergone 
movements of elevation and depression, and that it has bcvn 
subject to such oscillations at all times, up ixi the present d&v, 
admits, I think, of no doubt. Without, tberefo**e, going quite 
so far as my friend Mi* Darwin, who tells u.s, that " daily it i* 
forced home on the mind of the gcolo^st, that uoiliing, 0"' 
even the wind that blows, is so unstable as the level of th9 
cni!*t of tliis earth ;" still, I believe, it may be safely af* 
firmed, that the stability of the sea, and the mobility of th* 
laud, must he acknowledged to be demonstrated truths ii 
Geology. 

Boulder PortHatitms and Krratic Blocks. 

The geologically modem changes in the rclotive levrf 
sea and land, are intimately connected with the history of tb< 
vast accumulations over Northern Europe and North Ame^ 
rica of detritul matter, in the form of sand, clay, gravel, hout^ 
dera, and huge erratic blocks, and of the grtvoved. striatec 
and polished surfaces of hard rocks, which usually accompany 
them. Tliis great pi-oblcm, complicated in its nature, ani 
fidl of difficulties, has of hito years more parUcuhirly arrest 
the attention of geologists ; and it must long continue to 
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SO, before n sufficient maaa of observations can be collected 
on which a sutisfactor)' solution of it can be foundeil. Al- 
though, as rejBfards liurope. many important local facts, ex- 
hibitt'tl iu limited districts, liave been well ilescribed by seve- 
ral geologists, both of this country and of the continent, we 
arc indebted, for the most extended ohservations and the 
most cnnipi-ehonfiive views of tlie subject, to the labours of 
Keilhau, Sefstrwin, Duroehor, Murchison, Be Vemeuil, and 
Forcbhammer. The geologints of the United States, and 
Lyull, havu brought together a great body of evidence !•©- 
specting the same phenomena In North America. There is 
reason to infer, from the limited observations that have boon 
made along the shores of Siberia, that the boulder formation 
extends also over Northem Asia. 

Many new ubservntioiiH have been made known to us dur- 
ing the last year, by the authors of the " Geology of Russia," 
by Ml* Lyell, in his " Travels in the United States, Canada, 
and Nova Scotia," and by M. Burocher, in an additional me- 
moir which he read last December before the Geological So- 
ciety of France, describing observations made by him ia Nor- 
way during the preceding summer. 

Yon are aware that Agassxz and Clmrpentier have at- 
tempted to explain the phenomena, by supposing that', at a 
Tery recent geological period, since the time when the land 
had assumed its present form, Northeni Europe was covered 
with n vast mantle of ice ; and that the detritus and erratic 
blocks have been formed and transported by the agency of 
wb-aerial glaoier.s. in the same manner as moraines have 
been accumulated, blocks transported, and rocks ftirrowcd, 
striated, rounded, and polished, by the glaciers descending 
from the Alps. Abundant evidence has been brought for- 
ward to demonstrate, that by no such action can the pheno- 
mena be explained; and all (In.' geologists mentioned above, 
who have carefully invostigatefl them, reject the theory as 
inapplicable to Northern Europe and America, except in a 
very limited sense. 

The BouLDRit F0KMA.T10N, or Noktijern Drift, and Tub 
Erkatio Blocks, are shewn, by the authors of the " Geology 
of Russia," to be two distinct classes of phenomena ; the lat^ 



sr beiog UHu&Uy anguW, the materials of ibe former beiug 
ronnilcd and worn by uttrltiim. It appears to me in hare 
boon clearly pi*ovcd, that the boulder formatlou ta uot the 
woric of a sudden transient action of short doration. but ihn 
result of opvrutiouH that were going on during the middle 
tertiary depo8it«s, and, in Europe^ extended at least to the 

fPleistuccne period; that the greater part of the accumula- 
tions took place since existing species of tcstacea inhabited 
the adjoining seatt ; and that the transport of ei*ratic blocks 
took place at a later period. It seems to be uo lesfi clearly 

[ estnbbithed, that the boulder and drift accumulations and the 
erratic blocks now covering the dry land, wore deposited upou 
a sea-bottom, which ha!* been since uj^raiscd. NXIicre the 

I smaller detritus and rounded boulders came from, and hon 
they were drifted into their present situations, are branches 
of the subject involvtKl in great obscurity. That f!<agfnent« 
of hard rock were the tools which groovcd'thc furrows aud 
strisc, and polished the suKaces of hard rocks they passed 
over, IS pretty evident ; but what held and guideil tlio tool, 
what foii'c applied it, to what extent ice, and to what extent 
water, was the agent, is not so clear: that both have acted, 
there can be no doubt. It is, I think, very satisfactorily 
shewn, that the erratic blocks must have been brought down 
from lofty mountains, to the open sea that washed their bases, 
by glaciers; that they were floated to great distances by 
masses of ice breaking off from these giaciei*a, to form ice- 
bergs, in difTerent directions from central points, and stranded 
on elevated parts of the sea-bottom, without baring been sub- 

[ jcct to much attrition; and, moreover, that these erratic blocks 

I can, in a great number of instances, be I raced to tboii* parent 
rock, though now separated some hundred miles. Some of 
the evidence in support of these positions, supplied dtuwg 
the last year, I will now bring forward. T regret that my 
limits will not allow me to do greater justice to the authors 
to whom we are indebted for it, citlior as i-egurds their fact«| 

, or their deductions from these facta. 

Tlie boulder formation and erratic blocks cover an cnormouT 
urea, from the jVrctic Sea over a great part of Northern 
Europe ; not continuously, but often uninterruptedly over va«t 
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■Oj^ons. The masses of clay, Kand, nnd gravel, arc sometimes 
Df 8o jLtreat tliicltiiesH thai it is inipofitnihle tu detect a trace of 
the subjacent solid rock, over very wide tracts, even in the 
beda of the Volga and the deepest cutting rivers, M. Du- 
irocher, in his first memoir,* did not trace the crnitic blockB 
farther east than the forty-second degi*ee of longitude, nor 
farther south than the 6fty-fifth degree of north latitude ; but 
the authors of the ■' Gt.'ology of Kuasia" have described them as 
extending 500 miles farUier east, and above 200 miles farther 
eouth. As the jiarcnt rocks of most of these huge fraguients 
are in Scandinavia and Finland, they have been, in some in- 
tances, tran!4i>orted to a distance of 800 miles in a direct line, f 
It is posBJble that the LouUler formalion may extend somewhat 
faj-t.her, but probably not much ; for there is reason to believe 
that land on the cast and auuth was above the level of the 
eea, as has been already Rtated, at the time the country to the 
west and north was submerged, which would stop the iidvance 
«f the boulder formation aiid erratic blocks, but in an irregular 
line. No eiTatic blocks of northern origin have been seen for 
A considerable distance westward of the Ural MonntaiDS. 

There is a feature in the chai'acterof this aupei-ficial cover- 
ing of detritus which is very important to attend to in tracing 
its history, viz., that the material are not always the same ; 
that the principal musH in each district is of local origin, and 
very clearly bespeaks its derivation to be in the subjacent 
Tocks ; and that the great northern drift is distributed in the 
form of long sand-bunks, ** trmniwg" or " otar,*' as they are 
called in Sweden, often of great length and breadth, and ris- 
ing sometimes moi*e than lOU feet above the depressions be- 
tween them, which last are occasionally of great width. These 
trainees are often composed of finely laminated sand and clay, 
containing shells identical in species with those now living in 
the Baltic or in the nortliern seas ; they traverse, from the 
shores of the Baltic, the Silurian, Devonian, and carboniferous 
regions in succession, deriving new materiiils from each zone 
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of rodu crowed, bot alwajrs indicating' a aontherljr directiun 
of the drif'l. the DevooiaD )letritnii never being found in the 
Silurian zone, nor the carbotuferaas in the i>«;voniau zone. 

Bdr Forchliaminer describes the boulder formiitlon ofDen- 
loark as beiuj; of diSerect ages. The oldest which aifords 
any distinct evidence to mark its age, cocusta of a congeries 
of claTS* marlft, and Muid», which have l>een traced to a JepUi 
of sareral hundred feet, ood contain bouldera thronghoat Uie 
entire roa»H, extending^ to the deepest part of the seriea. Tlie 
boulders, sumetiines several hundred cubic feet in sise.areof 
granite, gneiss, porphjry, greenstone, uid quartz rock, snd 
aldo of transition i Silurian) seditnentarjr rocks ; none of these 
oocurriug nearer than Norway and Sweden. Besides tbaie 
IraTelled blocks, there are many parts of the fomtatioD com- 
poRed of chalk, identical with rocks upon or nejir to which the 
boulder fonnation occurs. In the duchy of Schleswig, tbw 
boulder formation aiternates with beds of brown coal, a deposite 
which exends over the greater part of Denmark, and which, 
besides brown coal, consists of clays, llmestoDes, and sand- 
stones, containing fossils, that, in the opinion of Mr Forcb- 
hammer, mark it to be identical with the aub-Appenine group- 
Tlie causes which produced this boulder furmation, in part a 
least, were therefore in operation as early as tlie Miocent 
tertiary pcnod (if, as some maintain, the sub-Appcniues art 
of that age), during which the sea, overspread at its bottom, 
by tliis detritus, was inhabited by Mediteirane&u species. 
There is clear cadence in the works of the authors I have 
quoted, of the operation of the same causes long after the 
northern sciis were inhabited by existing species ; and i 
throughout the whole of this period, how long we have no 
means of determining, all the land in Northern KurojK over- 
spread by the boulder formation must have been uuder the 
sea. Thus the authors of the " Geoh)gy of Russia" describe 
the deposite of recent shells in the valley of the Dwina, 160 
mites inluud from Archangel, as covered by Siiiid and gravel, 
which, they say, they would have gi*eat difficulty in separating 
from the miperficial northern drift ; and they odd, tliat *' a 
acent excursion through Sweden has convinced them that in 
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the neighbourLoud of Upsnla, marine post-pliocene dcposilcSf 
containing i-lie Tettina Haltica, are there covered by coarse 
gravel and large errfttic blocks, as stated by Mr Lycll." 

Tbc ingenious and ardent naturalists of Switxerland, who 
have held that the boulder furniatiaus of Northern Europe 
were produccl by sub-aerial glaciers, never could have ftd- 
vanced 80 extravagant u theory hiui they visited that re^on, 
and boon oven modorately acquainted with the fact* abovo 
stated, and uthen which as indisputably provo a submarine 
origin. But there is every reason to conclude that glaciers in 
high lands in Scandinavia, Finland, and Lapland, in very re- 
mote times, had much to do with thu origin of t/te erratic blocks, 
in separating them from their parent rocks, and transporting 
thera to the oonst. Sir R. Murchison informs us, that ho was 
assured by Dr Worth, a distinguished miucralogiat of St Pe- 
tersburg, that, after a careful exatniimtion of the iiumffrous 
blocks scattered around that capital, there was not among 
them a single csamplo which could not bo parallelled with its 
parent rock in Finland. Speaking of the observatioim of him- 
self and his companions, ho fltatcs, that, near Jurievitz, on the 
Volga, they found erratic blocks of a quartz rock associated 
vith others of a trap breccia peculiar to the north-western eide 
of Lake Onega, affording clear evidence that thoy had been 
transjHirted in a south-eastern direction, 500 miles from their 
parent rocks. 

If the blocks were encased in and transported by icebergs, 
they would be accuitiulaterl chiefly on the riilges and higher 
parts of the sea-bottom, by which the progress of the icebergs 
would bo arrested, and where the icebergs would be fixed until 
they gradually melted, leaving thoir stony cargo on the spot. 
Such wo find to bo thu fact. TJio great accumulations of the 
blocks arc not in the valleys, but on the high grounds. The 
summits of the cliffi^ on the south shores of the Gulf of Finland, 
at an elevation of 150 feet above the sea, are covered with an- 
gular blocks of the granite, gneiss, and porphyry of Finland ; 
thoy are found on the Lilb adjoining Lake Onega, at elevations 
from 400 to 60O feet abovo the lake ; the Valdai Hills, which 
jire in some places 1000 feet above tlie level of the Baltic, have 
arrested large (piuutitiea of blocks from Finland, which are 



H;iifMr'ft GtiJMjttMl AMrrm. 

H M M i < over Uietr ■witliUK da^m- In tho 
•f IV»i^ ■>» A Uoek it io be msm for ««veral mil^ 
kmatiaaB torods Cfa* INiliah fraoiier ore reached, 

Uacks ar« vNalf aadt Im «« die hilb between Koniu and 
K«l«» vwt a^dUn of brg« Uodu »e famriod in and mixed 
wkk — i at hi^hN of 3» or 400 feet abore the ee>. 

Ji Terr inpovtsBt uiiiwusUoee in tbti hWtorjr of Uteae emr 
tie UmIb ■■ painted oat by the aathors of the " Geokgy of 
Bmm,** vil, Aal thrj haw ooC tnvdled from ooeth to eooth 
eol^F. bst in all dtPWtKMK fnm certain centres in Scandinana 
and Tai^ind la Deomavk they have oome from north bj 
•aat ; ia noiit parts uf FVuiia afanost direct htrni north ; op- 
pOMle the eoaets of Finnieh Ijipbod, where tho granitic and 
•dNT crotalBne boandary sweepe round to tho north-t^ast, the 
Jiiw.iiui of the bloeka ehaiigea aecordii^U. Xc>&r Nijni No- 
vagocod they moflt have timToOed from north-west to south 
east ; and in Ae Gtwe w u neot of Vologda, ther havo nearly aa 
— tiim coarse- By the obserrattoas of Bohtltngk. xm team 
Ihat the ervatio blodca of Seandinavta have been shed ofT Trom 
the ooo^ of K««iu into the Bsy of Ooc^a., and from Riiasiaa 
Ifff'**** into the IcT i>ea« in north-eastern, northern, aud north- 
w wta ni ffirectioos : and Norwegian detritas has bot'n trans- 
pottvd westward to the eoasta of Norfolk and Yorkshire. 

Koaaia in Karope, from the nainrv of its sorfaoe, cannot be 
BOppOMd Io afibrd many proo^ of furrows, grooves, and striee, 
oa hard rocki ; bat on Lake Onega a hard greenstone and 
fliEeeottS bceceia are nMindeil off. grooved, und slriatod, on the 
tMrthem (ace of a small promontory, the direction of tho 
groovefl and ^triv betog north and south, and tho strisD are to 
bo »vn. through tht* transparency of the wntcr, eight feet be- 
low ita i«tirfcieo; thvy .ire .-Uao to be traowl nm\r the summit of 
a low hill. On tho b-outh side of that hill, huwuver, no snoh 
traoi's of wearing or friction can be seen, " and thus," tho aa- 
!h(»r* say. " wt* had In-fore usi. on the edges of Russian Lap- 
land, tho vi»ry phuiinuK'non «« extensively observwl by Sofstrum 
over Sweden, vii., a rviiudud, worn, and striated surface of the 
' ;' > sid*'* t'f ])niuioit tones, whose southern faces are na* 
i uiwlTcctiil \f\ av*\ mech.'iiiical agency." 
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M. Dui*i>cher viaitctl the coasts or Sweden and Norway, in 
tho nciglibuurhood of Christiania, last year, ami discovfired 
there many most remarkable instances of these furrows and 
strife, detailed accounts of which he has given in tho paper read 
before the Geological Society of France in December, which 1 
have already alluded to. He, imleed, describes effects of ero- 
aion on a umch greater scale than 1 remember to have read of 
before; furrowg so deep, that ohannels are a mnre npprfipriate 
torm, as he him8elf has thought, for he calls them amaux. 
Both on the east and west ctjasts of tho buy at the head of which 
Chri&tiania is situated, from Gothenborg on the Swedish shore, 
and from Arendal on the Norwegian, to Christiania, distances 
of 160 and 170 miles respectively, and especially among the 
islands that skirt the Norwegian coast, ho observed the \ ocks 
worn into deep channels and furrows, or striated, indirections 
from north-west to south-east, and having their surfaces round- 
ed and polished. These chumiels or furrows avc of" various di- 
mensions ; Bouio from twonty-tive to fifty oentlmotres (ten to 
twenty inches) in width, with a ciepth of from one and a half 
to two and three metres (five to ten feet). In a great number 
of instances, the sides of the interior of these channels ore 
grooved and striated in tho direction of their longer axia. 
Sometimes they divide into two or moi-e branches, which after- 
wartfs itunite into one. Many are rectilinear, but many are 
undulating, and bent in short waves. Tho axes of tho ohan- 
rela and the stria, in their interior, have the aamo general di- 
rection as tlie depressions of the neighbouring country- The 
Qortli- western extiTmity of these channels, that is, tho open- 
ings made where the eroding instrument entered, are somewhat 
vider than the rest of the channel, and are ronnded oflT, po- 
lished and striated. 

Another very curious, and, as far ti9 I know, a now class of 
facts has been described by M. Durocher. These furrows, ho 
states, are fretjuently met with in horizontal lines on the under 
gide of oaerhangitiff rockn, and he has met with instances of this 
description along the Norwegian coast to beyond Brontheim, 
a distance from Gothenborg of more than 500 miles. One re- 
markable case he gives, that occurs to the north of Dronthuim, 
where the furrows are cut horizontally in a pudding-stone rock 



of pebbles of granite and ijuartz, tho hardest of which are cut 
throni^ M clean m thu softer argilloceoiis comuat. Tho t:ro<I- 
ing tool haa acted to the length of forty-five metres (about fiftv 
yards), on a surface uiclined from 45"" to 50% and with a breadth 
of from four to five metres (thirteon to sixteen fuet). But my 
limits oblige nie to refer yoii to the mouioir itself, and to tbe 
report of the discuijsiou Lo which it gave rii»e, for many most 
interesting facts, and some important views ns to the cuuses of 
these rem&rkahle phenomena.* For the eanie reason, I oan 
only very briefly allude to the descriptions ooutained in aoverul 
parts of Mr LyeH'a " TraveU," of the boulder formatioot tlif 
orratic bloclw, and tJie furrowed surfaces, that are met with 
over a g-reat part of the northern regions of North America, 
prt-icntittg many foatures identical with those of Northern Ku- 
rope. 

In ]:liirupe the buuldur funnation hiw not been traced farther 
south than 5'2' north latitude, but a similar kiod of detritus, 
sanJ, olay, gravel, and rounded blocks of great size, cover a 
conaiderablo extent of couriti-y in the neighbourhood of Boston, 
which is ton degrci.!< farllier south, or about the latitude of 
\'aIoncia in Spain, It is not found within tho range of the 
Alleghany mountains ; but blacks again appear on their western 
side, near the Ohio river, in latitude 40% and aonie scattered 
blocks have reaohed Kentucky, the northern boundary of tliat 
state, in lat. 38 j^. How far a boulder formiition, erratic blooks* 
and fuiTowed rocks, extend beyond the valley of the St I^aw- 
rcnce, we have yet to learn ; but tho scanty infonnation wo do 
possess leads us to infer, thai thoy exist on the shore of the 
Arctic Sea. 

Near Boston the boulder formation has been pierced to a 
depth of more than 2(W fcut without the solid rouk having been 
reached ; and although mainly composed of the materials of 
neighbouring rocks, huge rounded blocks brought from a great 
distance i^cet upon them or are buried in them. ]Icrc, as in 
liusaia and Deiunark, we have a boulder formation oonipoeed 
of materials that luive not been for travelled, intermixed in 
some degree with, but more frequently covcrvd by, that of 
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northern origin. An instance of this last occure at Brooklyn, 
Deor Now York. 

In the United StJites, Canada, and Nova Scotia, where the 
gravel or drift lias boon rouiovud, tho rock iiii media t«I_y subja- 
cent is very frequently furrowed and striated, and here and 
there flattened doinesi of «mootln!<I rork (roches moulonnr.fix) are 
met with- The furrows have been found in the New England 
hills at all heights, even to as much as 2000 feet. In one place, 
on the summit of n high hill of DAndstone. Mr Lyell saw an 
erratic block of grecnetoue 100 fuet lu circumfei-ence. The 
erratic blocks and boulder formation have been ti-ansported 
muthwards along the same lines as are marked out by the di- 
rectlou of the furrows : iu New England, from NNW. to 
SS£. ; in the valley of the St Lawrcuce, from north-tost to 
south-west. 

With regard to evidence of the age of the boulder fonnation 
of North jVmeriea^ I am not aware of any having been mot 
with that connects it with a period so early as in Denmark ; 
it containti, in many places, ^hl?llM identical in species with those 
now living in the adjoining ueaa. The detritUK in which the 
bonefl of Mastodon are buricfl at Big-Bone-Liek, in Kentucky, 
Mr Lyell is inclined to believe to bo more modern than the 
northern drift. 

In a late number of Jameson's Edinburgh New Philosophical 
Journal are two valuable papers r-elating to erratic blocks, groov- 
ed surfaces, and the action of glaciers ; tbc one bv Mr Maclaren, 
towhich I havealreadyreferrodjtheother by Professor JamesD. 
Forbes. The paper of Mr Maclaren describes grooveaaiid strise 
which he observed last sumtiiLT on the rocks on each aide of the 
Gare Loch, in Bumhartonshire, and these, together with blocks 
and an accumulation of loose materials resembling a terminal 
moraine, appear to indicate very clearly the former existence of 
a glacier iu the space inclosed between the hilU that bound 
the Jotih. Ho also obscr^-ed numerous rounded blocks in the 
same locality, which could not liave been produced by the same 
glacier, for they consist of gi-auite, some of great size, na much 
aa five foot in diameter, at various heights on the hills — one 
on the top of a hillock, .120 feet above the Inch ; and no granite, 
uo parent rock to which they can be traced, is nearer than forty 
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milw to tlte ooitfa. But betweea the localitiee frharo tho^' now 
exist and that piu-L'tiL rock, tlierc are ridgt^ over Hhivli ihoy 
auMt hkvv tmvolkil, that are 1500 feet :ibove tho pn*Sfiit m&- 
UrnL Thia, than, a a case analogous to tlmt of thu V&ldai 
HOla in Russia, on tbi> »outh(.-rn flanks of which blocks of St:&D- 
tUnaniati granite are scattered, indicating that these hills, and, 
itt 8be manner, tho snnimita of the borrinr north of Gare Ijodi, 
weoro aaaa-bottooi, upon which the blocks wcit; dru|))>cil froni 
ftoatU^ icebergs ; that sea-bottom being subscqaontl^ rai&d 
to form the existing land. 

The principal object of IVofeswir Forbe^'s paper is to de* 
scribe the to(K>grapby and gRologieal structure of the Cucbol* 
fin llills in Skyo- He gives us much now and intorcsting in- 
fbnuaUun m«pectiiig the tgnooud rocka, of which they oru uom- 
potted, particntiirly that comparatively rare variety, hypert- 
thcov rook : but he aUo do^oribes these ttiune rock^ as b^Jng 
Atrrowed and polished in several of the valluysr but eB[iBciiUly 
in the *nlley of Coruisk, the furrows there radiating from a 
oeutre to the $oa-shore ; and, in his o]iinion, they dvuionstrate 
ID aa door a nuunier as the subject admits of, the former ox- 
isioaoo of a glaoifr in that locality. All will admit tliut the 
opiDion of Profossor Forbes on this subject is one in which 
wo may place entire oonfidonoe. The bypersLbuiie rocks " are 
smooth^ and shaven in a direction parallel to thu length of 
the VrtlK'V »v!u'r*>ver their prominent parts ni"e presented ti> 
wards the hcail of the valley : but towards the (tea, Hwy arc 
oftim aliTuptly terminated by craggy surfaces, shotting the usual 
ruggednoss of the natural fracture of the rock, and oxliibiting 
tho phenomenon of Stoss Seite and Lee Seiiet so often descril 
in the Soandiuavian rock$." 

" When the same rock is traversed by claystone veins, or' 
veins of crystallized hypersthenc and magnetic iron, these va- 
rious |iart« of such different hardness are all uniformly ohaven 
over, in conformity witli the genend form of the nia.ss to which 
thoy belong. This pretH;nta a atriking uuaiogy to the phono- 
mona of poIijditMl rooks in the Alps, where the quartz veins are 
out off parallel to tho surface of the bounding felspar. . . . Tho 
ftimiws are not confined to the entrance of the valley, but ex- 
tend to tlte upper part of it, and to a groat height above its 
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vtil, particularly on the west side, whoro tho faoew of theso 
ost vertical c\iiT» uf a<l;iiiiantine Iinnliic8s aru wx^red hori- 

ntsJly, as potter's cluy might be by the pressure of tho fin- 
's, or likfl tho roonlding of a cornice by the plaptoi'or's tool.^ 

The question natuiully ariHo^i, iit what pi;iigd were tiicsovol* 
pysin Dumbartonshire and in Skyo occupied by glaciers 1 That 

cy were bo after the land had been ri>nned intu the present 
DouDtains and valleys is obvious ; but that defines no particu- 
period. We have in the ftare Txwh two distinct oloseeH of 
houoiuona, which could not have been produced cither by tho 

IHIB agents or at the fiome tinio. Wo have proof of tho 

ction of snb-aerial glaciers ; we have also proof that there are 
Erratic blocks that could not have been brought into their pre- 
icnt position unless the gi-ound on which they rest had been 
•uWerged : they were dropped, it is most reasonable to eup- 
poae, froui icebergi* flouting in a sea, and arretted by elevations 
in the sea-bottom. During such submergence there oould be 
no glaciers in tho v.-illt^ys of Gare Tvoch or Coruisk. Are we 
to suppose that after these valleys had been occupied by a gla- 
wer, and the erosions had been matle, the land sank down, 
eoDtiimed for a long interval as a sca-bottoni, during which 

ime the glaeiers meltojl away, and that the land again emerged, 
Wftrtng the erratic blocks upon it l The subject is one of vast 
difficulty ; bat the phenomena evidently involve groat changes 
condition of the land, and consequently, perhaps, in the 
of that region. 
It is un important feature in the history of the bonldcr for- 
•on, that the mode of its accuninljLtion, and the direction 
le chuuueU) furrows and stria' woru in the I'ocks. indicato 
kforoo coming from tho north, between KW. and NE. The 
■om and polished surfaces of so many rodts facing the north, 
Bhilc their rugged luiworu surfaces point to the opposite direc- 
ion, aro farther proofs of the same movement. The tTavollcd 
ounded boulders and detritus from the middle of Sweden and 
Norway southward, must therefore have been derived from 
ud existing north of that latitude. 

Submarine current* are by many geologists supposed to have 
eon tho moving power ; and it is also said, that the detrital 
latter tliey hurried along smoothod and polished tho rocks 
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they luet with in their progress, and graved the furrows and; 
Htpia>. Wo as yet know little of the existence, at great tlepths, ; 
of Hubinarine currents, or of their power of transporting hesvy i 
matcnols. Sir R. Murchison, reforring to the generation and 
power of what Mr Scott Rnssell calls a wave of thft first order, , 
or ** the wave of traiLslH,tion," and to the application uf Mr 
Russell's researches and theory by Mr Hopkins, in his paper 
'' On the Elevation and Dprmdation of the district of the Lakai j 
of Cumberland and Westmoreland,'"" considers that all th«1 
phenomena of the boulder formation and drift of "Northera! 
Europe (not including the erratic blocks) may be aocomitcd fori 
by tho action of euch waves. But a sudden paroxysmal move* 
nient of the bed of the sea is a necessarj' condition for tba 
production of a wave of translation. Mr Hopkins says, "If] 
the elevation were sufficiently gradual, no aeubible wave woulil 
result from it ; but if it were mdden, the surface of the mH<jr 
above the uplifted area would bo elevated very nearly as idooIi 1 
as tho area itself, and a diverging wave would be the con»-| 
quenco ;" and that " there is no diHiculty in accounting fori 
current of twenty-five or thirty miles an hour, if we allow 
paroxysmal tlcvalivnt of from 100 to 200 feet ;" and he addfcj 
that '* if the extent of country be considerable, the Gle\'atioO| 
might occupy several minu(c», and still produce the groat waf 
above described.'' It is to be observed that the wave wouW' 
be dica-ffing, and therefore the ourreuts would not be Uinitwl 
to one direction. But however great tho power of ti-onspori 
of the sudden wavo might be, its action would be transi«nti] 
and wo must therefore suppose, either that the whole pbeac 
laona were produced by one sadden elevation, or that tl 
was a succession of paroxysms. Whether such sudden viol 
transport, such turaultuous hurrying along of the blocks, grave 
and sand, be conrit^teut with the fonns and arrangements 
tho dt'trital matter, tho long " trainees/' " the widely spt 
and finely laminatod sands,'' and the included fragile sbelli 
cull only be determined by special observations directed toi 
an inquiry-. It does not appear at all couiusteut with the 
uiation of the detritus of local origin, that which constitute 
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great a part of the bouldor formation over the whole north- 
rn region, and which scorns to imlicate a long -continued actloa 
over tlio samo ground. We oughtj besides, to havo Boiue inde- 
pendent eNidcnce of paroxysmal action in the same region ; 
whereas there is the Btroiigest proof of gradual upheavals : 
take, for example, the whole continent of European Russia, 
^vhich exhibits scarcely any di.sruption, and which, Sir R. Mur- 
oht:9UU is of opinion was elevated tru masse. 

But we niuf*t g-o further back in our inquiry, before the wave 
of ti-auslation was generated. Whence the dttrital inaltiir 
which the wave transported ? Are we to suppose that the same 
paruxysma) movement broke up and shattered to fragments 
the bottom of the sea, and that it wub these fragmeutti which 
the transient wave transported and rounded into boulders ? Or 
is it more reasonable to suppose, that the materials of the 
ilelritus miuit have beeu derived from pre-exi»tent land, the 
locks of which were broken by glacial and atmospheric action, 
w rocks now are, to be afterwards rolled^ rounde<l, and polish- 
ed by currents of water; as they unqnet^tioiiably must have 
l»een, however the currents may have beeu produced \ Thon 
ttio the power of such currents, transporting hard bodies, to 
produce the furrowH and utriie, 1 nhauld be di::<pose(I to refer 
to the phj/tickn, to him conversant with the lawa of mechanical 
philosophy, the questions whether rounded blocks and gravel, 
Uovinff in water, passing over rocka, would be capable of pro- 
ducing on them these deep furrows and strituj or whether it 
U not more probable that they were worn by angular fragments 
of rock held fa^t in ice, and pressed, as the current floated the 
ioaberg, against the opposing rock, with a vast force derived 
from the weight of the mass I 

Wo Icara from the " Magazine of Natural History " of last 
September, tliat letters had been received the preceding month 
from Mr Harry Goodisir, attached, as Naturalist, to the jVrctic 
Expedition under the cummaud of Sir John Franklin, dated 
' from Disco, in Baftin's Bay, the 7th of July last ; and it is 
I stated that '^ Mr Goodsir is making minuta observations upon 
Hl^ ice of the bergs, and as ho purposes continuing them 
H throughout the roya^o, there can ba little doubt of his arriving 
I at valuable couclusiuua." It is added, " We also Bad some 
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observations upon the action of flouting ioo upon the granitk 
shores of the islonda- -1// the rocks Mo/r high-nater mark, atid\ 
xome con^ideraUti above it, are rounded off into long irreguJaiA 
Tid^ettt rciifi in/ervenififf JtoUores, bj/ the halj-jloativg maam f>j 
ice." 

PtdtEontology. 

This great department of Geology Is now cultivated \ritli w 
nmch imhiHtry by bo many naturalists in Europe and America, | 
that scarcely a month elapses without some valuable addiLioDB | 
to our knowledge. It is not possible for me to do more tbaaj 
brieHy refer to some of the m(*re important of those which I 
have had an opportunity of bccouiing acquainted with. 

At the last meeting of the British Association at Cambridge,! 
Profesaor Edward Forhea made an interesting and important 
eonimunicatiua to llio Natural Hiutory iiiection, in wliich \a 
pointed out a connexion of the pi'esent distribution of plant 
with geological changes which took place during the later trr 
tiary periods. lie miuntaine, for example, tliat the existing 
Hora of Britain belongs, not to the preacut epoch only, but is 
composed in part of Ihe remains of the floras of the pHoconoa] 
and post-pliocene periods. He considers that certain pecidiari^ 
t\eA of the vegetatiun of the west of Ireland depend on an 
oiont geological connexion with the Asturiue ; those of 
Scottish and Welsh mountains on the migration of plants fr 
Scandinavia during the glacial period, and the eubso^juent uf 
heaval of the land, and {;onao[]^uent chango of climate; wl 
the great mass of the British flora migrated across the w\ 
heaved bed of the Pleistocene sea. He further holds, tbst 
the determiuation of the date of the migrations of tenrest 
plants and animals will cventi;ally aid in fixing the periods 

Lmany geological events. 
In the year 1828, M. Elie dc Beaumont published in tbi 
'■ Annales des Sciences Maturellea" an account of eomc ot 
vations he had recently made at Petit-Cccur, a village in 
Tarentaise, east of Chambery ; where he had aeon resting 
tulcuse gneiss and hornblende schist, a series of sedimcDlarv 
beds, which prevail over a great extent of that country, 
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lack slaty rock, ia surmounted by a bed of fissile argilloooons 
leiitone containing bolemnites, and this last passes insensibly 
ito a black slaty clay, contiiining impressions of plants idcati- 
in gpecie» with some of those belouging to the trae coal 
formation. M. de Beauindnt conchides his detailed descrip- 
tion in these words : — *' II me paruit done incontcataUlo qao le 
systcuio de couches qui, k Pctit-Ckeur, contient les Beleinnltes 
Bt \e» impressions vdg^tabW, et qui s'eufonce boub toutes lea 
^utrcs couches non -primitives do cette partic des Alpes, appar' 
\jtient (i. la /ormadon <Ju litis." The plants were carefully ex- 
■imined by M. Adolphe BroDgntart, and in an accompanying 
"momoirt descriptive of thom, he states, " que I'identit^ le plus 
Lparfaite existe entre ces plantes et celles du terrain houiller, 
HtaJidis qu'il n*y a aucun rapport entre elles et cellos qui se 
~ trouvent habit uc Hem ent dans le lias, du dans les terrains 
.-Oolitiques.'' Ho enumerates among others of Potit-Coeur, 
fj^euro/jteris lem/i/oHa, found at Liege and Newcastle ; and 
\Pecopferiu po^t/morp/ta, one of tho most comraoa in the coal* 
I fields of Franco. 

At the meeting; of the Geological Society of France at Chaui- 

^bery in autumn 1844, an account of which wo have received 

«ace our last Anniversary,* the attention of the members was 

dlrect«d to this most remarkable fact, in a memoir by M. 

I&oset; and afterwards, several who attended the meeting 

visited Petit-Ca;ur. The observations of if. Elie de Beau- 

mont and M. Adulpho Bron^uiart were eonfinned in every 

[particular; thoy fnnnd abundance of the vegetable remains, 

and of beleinnites below them. The report farther states: — 

I" 11 a ^te Evident aussi^ pour tous les membrea ile la 8ociet6, 
que I'on ne pout aucuuement admettro I'explication d'un^plis- 
Aement qui aurait mprocht- les foseilua de doux formations et 
prodiiit une alternance apparente entre les couches i JBelem- 
Jiites et les eouchea k ctnpreintes. Co sont les memos schistea 
et la merne formation qui renfermcnt ccs deux genres de fossiles 
que Von avait oru pendant longtemps appartcnir I. dan epoques 
I geologi<iues tres eloiLrnees Tune de I'autre." M. Sismonda, who 
vwas present, stated, that in another locality he had found 
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Amntnnitefl in a prolongntion of the fiainebed; and In reply 1(> 
M. Akuss'iz, also present, affinued, that he had found thia bd 
containing bcleinnitos and coal pinnts over an oxt^nt of fr«n 
25 to 30 leases. We have thus tho wmo species of pKinte 
continuing to exist throu;»honl tKe whole Carbonifaroua, Per- 
mian, and Triassic periods, and into that of the Jower portios 
of the oolite ape. 1 need not say how important a bearini? 
thia remarkable fact has on the theories of climate, and of the 
prevalence of an almosphero loaded with carbonic acid gw 
during the Carl>oiiiferons period. 

M. Adolpho Bi-ongniart. in his memoir above cited, ihiH 
accounts for the anoDialons position of these coal plants >- 
A repoqno oii la format ion du lias se d^-posait en Europe, ootre 
globo pr^sentait tres-probableracnt deux regions triJs-dieeB* 
par leur climat et par lea T^g^taux qui y croissaient. Vvms 
coraprcnait I'Europe et peutctro toute la z(>ne temp^rfe, rt 
^ait habitce par des veg^taux fort diffcrcns dc eeux qui y cnus- 
saicnt a une ^poque plua reeulee, et qni avaint rfonni^n 
aux couches dc houillc ; Tuutre s'ttendaut sans doute sur 
parties plus chaudcs du globe, ^tait encore couverte des mf-me* 
Wgetaux qni, dans des temps plus anciens, avaicnt habits 1» 
region europeene, et forme les depots houilJers. Ijcr Tegetaux 
de cetto partio du globe pouvant dans cerlaines cireonsljincos. 
etre transport's dans les regions phis tempereea, auraient doli- 
ng lieu a. cea anomalies apparentes que pregentont les terrains 
d'anthracito des Alpea qui, d'api-es les observations gcologiqnea 
ot zoologiques, appartiennent i. I'epoqac de formation du liiw, 
et dont les vegctaux sont ccpcndant les memes que cenx du 
terrain houillcr.'' This theory therefore admit^s that the samo 
species of plants existed throngh the whole series of ages that 
passed from the time of the deposition of the carboniferons 
series to that of the lias ; tha\ thoy and bclemnites were co- 
existing, but in difforont regions. It is not very easy to con- 
ceive how rnich delicate vegetable bodies should be drifted the 
vant distance between a tropical and temperate zone, to form 
parts of thin continuou5 strata thousands of square miles in ox- 
tent, in auccesmvo layers of great thicltness on the same spot, 
in the depths of the sea. 

It is extremely improbable that thi^ case in the Tarentaise 
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is a solitary one ; future resoarches will probably bring to light 
other instances of a similar kind. May not lIr-ko facts be an 
extension to plants of the recently advanced doctrine regard- 
ing animals, that species which have had a wide range in space 
have also had a long duration ui time \ or, as it is expressed 
hy those who first brought it lbrwfii>l,— •' That the species which 
are found in a greater number of localities!, and in verj' distant 
countries, are almost always thoHe which have lived during the 
formation of several sacccssivo eystoms." The attention of 
geologists, I believe, was first directed to this highly important 
observation by Viscount d'jVrchtac and M. de Verneuil, in their 
joint paper " Ou tlie Fossils of the older Depositoa of the Rhe- 
nish Provinces," read before this Soeiety in December 1841 ; 
and while these distinguished geologists announced the law ae 
applteable to tlic oldeat fos^siUferous beds, Professor iidward 
Forbes has shewn the extension of it to existing species. He 
found " that suoh of the Mediterranean testaeea as ouuur both 
in thtf existing sea and in the neighbouring tertiaries, were 
such a« had the power of living in several of the zones in depth, 
or nk« had a wide geographical distribiitinn, frequently both." 
He adds, *' the same holds true of the teatacea in the tertiary 
strata of Great Britfiin. The cause is obvious : such species as 
had the widest horizontal and vertical ranges in spaee, are ex- 
actly such as would live longest in time, since they would be 
much more likely to bo independent of catastrophes and de- 
stroying influences than such as had a more limited distribu- 
tion."" Now wo know that the same speniea of plants are 
found in the coal-fif^Ids belonging to the palioozoio catbonifer- 
0U8 rocks of Europe and of North America, and in regicms with 
ditferencca of more than thirty dpgreej* of latitude ; and, there- 
fore, thoy may have been able to live throngh the many vici&- 
eitudes of condition of the earth's surface that must have 
occuiTcd between the (Carboniferous and Liassic periods. 

The plants from the Pernnan system of Russia, collected by 
Sir E. Murchison and his fellow-travellers, have been described 
by Mr Morris, and further illustrated by the remarks of M. 
Adolpho Bronguiart. The species aro few, not exceeding 
sixteen in number. Three of those — Neuropteris tenui/oUa^ 
Lepidotlendrott elongalum and Catamites Suckomi — are pro- 
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nounoed by M. Brongniart to be idontical with plants of the ood 
formation. The reniuinilor are peculiar (as far a» ie hitherto 
known) to tho Permian systoiu. All the genera are common 
to this and to the cnrbonifcroos aertes ; the genera Odoniop- 
ten's, ytieygerathta, and Lepidodendron, hod boon hitherto sup- 
posed peculiar to the uoal- measures. Altugether, the rermian 
flora is evidently nnich more similar to that of the oarbouifttr- 
out» system titan to any othur : it has no affinity to that of the 
Gres bigarrc, or of the Juras>io system. 

Mr Morris haa likewiite describetl the fossil plants brought 
by Count Str;celeeUi from tho coal-Helds of New South Walei 
and Van Diemen's Laud. Vnfortimately the materiale w«rc 
very scanty, tho number of species beiny only eight ; and it k 
singular, that of this number four are from the coal-field of 
New South Wales, and four from that of Van Dienien'a Land, 
no one species having been found common to the two. £otb 
tfaeae Australian coal-tiolds are very remarkably distinguiBhed 
from those of Europe and North America by tho entire ab- 
eence of StigniarUv, iSigilUtrio', Lepidodftudta^ and Ca/anu/er 
lu thiH respect they agrue with the coal formation of Bui-dwaii 
in Northern India, to which, indeed, they have other poinlsof 
striking similarity in the character of th^'ir vegetable remains 
The Gtossopteris Browttiana w aotuulty common to the co^ 
fonnationa of New Suuth Walea and of India, and tlie Feccj^- 
terig auHtraiis of the former country comes very uear to th« 
Indian P. Ltndlegana. The tiora of the ooal-tieldi^ of Austra- 
lia has likewise a Htrikiiig siuularity to that of our Yorkahiiv 
oolites. Glovvoptciia Broicniand ia nearly allied to OI09. PhS- 
lipaii, PtCQpfcrisi lutgtralis to P. Whithitnsist aud Pecopterit 
aialtt to P. Marragana. It is potjtublo that the coal of Aoa- 
tralia and oi Northern India may realty belong to the Jurji^ 
system. 

lu llie *' Geology of Russia," a work 1 have already sooftoo 

ferrcd to, thci*o m an iumiencie mas^ of valuable uoulributioQ' 

palsBontoIogy, by different ilistinguishcd naturaliets. TTw 

lowing are the parts which ri'lato to the Invortebrata :" 

"^l. A vurv elaborate and important essay by Mr Lousdole <*" 

lO palffiozoio Corals of Ru^ia, abounding in minute details ol 
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structure, deserving the attention of every one engaged in the 
Btudy of that c\n»s of organic bodieti. 

2. A full HynopsiH of tlio paliuozoic Kadiata, Articulata, and 
MoUusca, by M. do Vernouil. The species are all admirably 
described, and full deiaiU of great Interest are given reitpect- 
ing their ofiiiiities, eyuoiiyms, uiid dititributiun. A grtat uuiu- 
ber of neft' and curious forms are made knoftTi for the first 
time. In that part which treats of the Dracbiopoda, M. de 
Verneuil bns given the resulty of n critical investigation of the 
■gonera, accompanied by tables of characters of the greatest 
valae. He has congtituted a new genuH, Sip/io»efreta, for the 
reception of certain vory curious fassjls, wbicli, while present- 
ing much of the form of Terebratalte, are really allied to Orbi 
culce, and have the same corneous texture of shell. Among 
the paliKOZoic Avepkaia, ho has described a well- marked specioB 
of Aetna, a genus hitherto having only doubtful claims to such 
high antiquity. Among the Gaxteroptida, fatif/una, for the 
firet time, appears au a puheuzoie geuuH. 

In the account of the Jfadiata are interesting descriptions 
and commenta on the Ru-ssiaii species of Ctfsfiflem. Among tho 
Articulata is the genus Fasuiina, a fununiuiferous animal 
abounding in certain bods of carboniferous limestone in Russia. 
Hitlierto, traees of such uaimals in such aucieut beds have been 
few and imperfect. 

3. The Jurassic, cretaceous, and tertian,' raollusca are de- 
Bcribiid in full detail by M. D'Orbigny, and their synonyms care- 
fully elaborated, — a service for the rendering of which we can- 
not be too thankful, since duplicate names havo accumulated 
to o most confusing extent. As an instance, it may be men- 
tioned that M. D'Orbigny enumerates as synonyms of the Am- 
monites Jojivn of Zieteu, no less than fourteen distinct mimes. 
The plates throughout are admirable. 

The history of fossil radiate animals has received one of 
the most import.ant additions ever mjide to it, in the memoir 
of M. vou Buch on the Cifslidew ; a memoir of the greatest 
value to the natupalist, since it furnishes him with on elabo- 
rate and philosophical exposition of the organization and af- 
finitieB of a group of fossil animals hitlierto misunderstood, 
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and which fill up a blank in the genes of R&diata. As tbeM 
foi^aita nre now known to be by no means iinfroquent in the 
British pftlosoRoic strata, though they have hitherto attracted 
but little attention, the i^tudy of the paper, itself a model d 
palseontologit-al description, will well repay the attention of 
geologists. Tliey will iind it at full length, translated bjr 
Prot'esftor Ansted, in the last number of our .Toumal ; and I 
may adduce it as an instance of the valuable assistance whiok 
we afford to the geolojjfists of this country, by devoting a po^ 
tion of our quarterly publication to origiiiul foreign memoirs; 
for how few there are who can have an opportunity of seeinf 
the " Transactions of the Berlin Academy,^' to say nothinj? 
of those who do not read Gentmn ! 




M. Agassiz, that moat indefatigable of living naturalists, 
besides bis important contributions during the last year in 
that department in which he is universally acknowledged U 
occupy the highest rank, has commenced a new series of es- 
says under the title of " IconographU des CoquUles Tertiahet 
reputh idetttiqtiea avec le$ esp^ces mvantet, ou datu diffrrm 
terrains de Vipoque te.rliaire^' In the preface to the first part 
be aunounecs his views and object. He says that ho has Iwa 
long convinced that the greater nundtev of identifications ot 
tertiary ahellB with those of other tertiary epochs, or wilfc 
recent species, are incorrect. Trom his investigations he ii 
led to maintain, Is^, That notable differences exist between 
living and tertiary species : and, ^Idl^, That iu the tertiuT 
formations the different stages present distinct fauna?. H« 
opposes claaaification founded oxi. p^r-ctntages^ ai< purely arti* 
ficial, and attributes the errors to the mistaking analogoei 
for true identificatiouH. He holds that each geological epoch 
is characterized by a distinct system of created beings '^ 
results of a new intervention of creative power), including 
nut tmly different species from those ot" the preceding s^'stem. 
but also new types. At the same time he admits that the 
" reiterated intervention of the created power'' does not ne- 
cessarily and absolutely imply a specific diffei*ence between 
the beings of different deposites. Kc holds, however, the proj 
bablUty of such a difference existing; and his object iu 




" Iconojri'ftphic'* is to prove that such ditfercncc has been 
overlookcJ. He ^oen the length of saving, that, even when 
species arc, so far an the eye cao judge, identical, they may 
ttot be 80. ** Perhaps," ho says, *' there may exist 9[>ecie9 bo 
nearly allied, a« to render it impossible to difltingitisli them ; 
yet even that would not be to my eyes a proof of their iden- 
tity ; it would only prove the insufficiency of onr means of 
observation:" and fuiifaer, " the animals might dti^'er though 
tbc shells are alike." 

In the special part of bis essay, M. Agassiz proceeds on 
tfie position tiiat the law of variation is not the same in all 
Glasses. ftitnilicB, and penera ; and selects his examples from 
certain genera of Acephalous Molluaca in which the charac- 
ters arc very constant, viz. Artemis, Fenus, Cgtherea, Cypritia, 
and Lucina, on thirty-one forms of wbtch genera, considered 
by him as distinct species, he gives full comments and valu- 
U)le details. One species only among them, the Cyprina 
Ulandica, he admits to be at the name time recent and fossil. 

M. Agassiz introduces the same doctrine in his Monograph 
of the Fishes of the Old Ked Sandstone, Thus he says, at 
page xi., that the chai'acteriatic fossils of each well-marked 
geological epoch ore the representatives of so many distinct 
creations, and affirms that he has demonstrato<l " jujur un 
nombre assez eonst'dtra/tle d'eitpeces" that the presumed iden- 
tifications ai*e exaggerated approximations of species resem- 
bling one another, hut nevertheless specifically distinct. 

Whether species of Mollusca hitherto deemed common to 
two or more of the tertiary periods be really, as M. Agassia 
aflinns, distinct, is a doctrine that must await the concuiTcnco 
of experienced conchologists before it can be made the means 
of overthrowing present generalizations, and the basis of new 
ones. With )*egard to the Mammalia, certain eocene fonns 
baro been repeatedly recognised in miocene sti'ata, and the 
continental miocene Mastodon has been satisfactorily deter- 
mined as a fossil of our older pliocene (Norwich Crag). But 
M. Agassiz is peculiarly imfortunate in citing T>v Falconer 
and Major Cautley (p. xi.) as supporting, by their discoveries 
of fossil animals in the Sub-Himalayan Mountains, his views 
to marked distinctions of the tertiary fauna, since they 
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have done more than any other palteuntologists \o prove tfaej 
progresBive and undistinguiahable blending of eocene into 
miocene, and this into pliocene, by the miimmnlian fossiUt and 
have shewn that some species of reptiles actually oxirt at tlie 
preHeni day which were coeval with the Himalayan Anoplo- 
there, Mastodon, and Hippopotamus. 



The attention of Beveml distinguished naturaltste has lately 
bMt) directed to the investigation of the structure and clas- 
tificatioii of 'iVilobites. A valuable woilc on these siiiaular 
extinct crustncea has been lately given to the world by Pn)- 
feesor Biirmeistrr, who is now revising an English translatimi 
of it, to be published by the Hay Society. In this work there 
is a systematic arrangement of all the species known to the 
author, and there are dissertations of great value on their or- 
ganization. M. Kinuierich has also published a very impor- 
tant memoir on the structure of Trilohites, a translation of 
which ha» lately appeared iu Mr Taylor's ** Scientific Me- 
moirs." In Sweden, Trot'essor Liiven, a naturalist distin- 
guished for his researches among the invertebrate animals, 
has commenced the investigation of the Trilobites of that 
country with great success. His papers may be found in tlio 
Proceedings of the Swedish Academy for 1814 and 1845. All 
the memoirs now enumerated are illustrated by excellent 
plates Lastly, in the '■ Geology of Russia" will be found an 
interesting note oo the affinities of Trilobites, by Pi'ofessor 
Milne Edwards. 



In what I have said of the accession during the last year 
to our knowledge of tlie Devonian rocks, I have referred io 
the Monograpli by M. Agassiz of the Fishes of the Old Red 
Sandstone, which those most capable of appreciating its value 
consider as one of his most important works; and I have 
reason to know that be himself views it in that light. I again 
refer to it in this place on account of some pecnliar views there 
developed, which I do not tind altogether assented to by those 
whose judgment-3 on this subject are much looked up to. 

M. Agassiz states, p. xxx., " que lea poissuus de I'Old Red 
repr«jscntent, par leur structure toute particuliere^ I'ftge om- 
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brj'onique ilu rtigne dea poiaaons." A part of the peculiar 
etructure wliich he especially dwells upon is, "-le d^veloppe- 
ment extraordinaire que presente le systtme cutan^ ;" but he 
acknowleilgea that " mallieureasement uoua n'avoiis pas en- 
core dea termos de comparaison (ivcc les poisBona de la crea- 
tion actiielle assez nombreux pour approcier la valeur de cea 
earacteres." Another feature of the peculiar structure which 
he points out is the continuity of the vertical fins. This cha- 
racter, however, Sir Philip Kgerton and IVofesHor Owen m- 
form me, is only of partial application ; the family of Cepha- 
lagpideg be does not cite, but in Coccostcus, the sole form of 
Old Red fishes in which vertical fins have been observed, the 
distance between thora is conaidenible. In the Dijfteriam, 
Dipterut has these oi^na very close, but in Diphp/erut and 
Osteolepia they have considerable intervals between them. 
Diplopterus^ moreover, occura in the coal measures. lu the 
Caletcanths tlie fins of Giypfoiepis are very near each other, but 
this family i-uns into the chalk. In the AcanthotHam the fins 
are quite distinct, and Acanthodea is found in theeoal measurea. 
There are also recent Hslies witlj their vertical fins quite as 
little distinct aa in the most exaggerated of the Old Red. 
Neither is the hetcrocerque tall a characler peculiar to the 
fishes of the Old Red, for uU the fialiea older than the lias have 
this form, as have the Sturgeons of the present day ; and it 
is perhaps more important to find, that certain highly charac- 
teristic genei-a of the Old Red, for example, Fierichthys, 
Pamphraclu« and Coccosteiuf, did not posae-ss the het«rocercal 
tail. 

Another character, viz., the flattened form of head, is not 
peculiar to the Old Red, for the SUuridte and other recent 
fishes have this character equally prominent. Then the non- 
developiueut of tlic vertebral column is foimd in the Sturgeon, 
Lamprey, and other recent fishes. Persona seeking for sup- 
port bo the theory of progressive development might, on a 
hasty perusal of this work, find sentences in favour of their 
views ; but the above facts are irrt;ti.mi;ilaLile with the theory 
as ordinarily promulgated, and it would be a perversion of 
M. Agussiz'a undoubted opinions to quote detAched sent^ncea 
from his writings in support of that doctrine. They will find 
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for iimtance. at p. 23, a reciificailou of the error commiUed 
hy the inpcninus Iftif^h Miller, in describinp; the jaws of tbe 
Coceo»lens uh being vertical, like tliuitf of cruHtaccit and tlience 
inferring that ** it seems to form a connecting link between 
two orderR of existences ;" M. Agasaiz having proved tliat 
they are liori^tuutal, aud move vertically, as m other trua 
fishes. Then there are four species of Sharks of the CeaUwjion 
division in tlte DcTonian njcks of Russia, and tlie squaloid 
tishes of the present day otfer the highest organization of the 
brain and of the generative organs, and make in these re- 
spects tbe nearest approach to the higher vertcbi'ate chuses. 



Tlie work of Professor Owen on the fossil remains of Mam- 
malia aud Bii'ds found iu the British Islands, which has been 
for some time in course of publication, is now completed, the 
concluding part having been published within the hwt few 
days. 'Ibitf valuable uontributioa to palteontology, ia which it 
is tlie purpose of the author *' to deduce from these i-emains, 
by physiulogical comparisons, the living habits of the extinct 
species, to trace out their eoological affinities, and to indicate 
their geological relations," is another gift in the last year for 
which geologists are indebted to the British Association. Pro- 
fessor Owen, in his preface states, that the special researches 
which have euabled him to fulfil in any degree the above- 
mentioned design, were begun by the desire, and have been 
carried on chiefly by the liberal aid of that body. 

The concluding part contains a very interesting and in- 
structive introduclioE, wluch will enable the reader to follow 
witli for greater pleasure, and more fully to appreciate the 
value of the special details which follow. He begins by point- 
ing out that Hrst ti*ace of the creation of mammalian quadru- 
peds which was discovered in the Stonesfield elate of the ooli- 
tic series; and it was certainly a must fortunate accident which 
brought these minute bones within the sight of a geologist 
It is a very remarkable circumstance, that all the researches 
of geologists, multiplied as they have been since that dis- 
covery was made, have not yet brought to light another trag- 
ment of tiie same onler of animals, throughout the vast series 
of deposites, the immense duration of time that intervened be- 
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iween the Stoucstield slate and the eocene tertiary depositea ; 
notwithatauding that there are iudubitftble pi-oofs of the ex- 
istence during that inten-al of extensive continents, of forests 
growing on that land, of tts being tenanted hy other races of 
animaltt, and that birds and pterodactyls 8pi*ead out their 
wings in the air above it. 

The land tliat Riipported the mammalia whose remains are 
found in the eocene depositcs of our island must have been sub- 
mergo<l> and must t« a ^?reat extent huve remained «o during 
the miocone period, when the adjoining continent wati inha- 
bited by the animals whose remains have been disinterred 
there from the dopositea of the miocene age ; for it ia in plio- 
cene and post^pliocene depositcs that tlic mnntinalian rt:mains 
in the British Islands next present themselves. There is tJbe 
moKt conclusive proof thiit the animals Mved and died, gene- 
ration after generation, for a long succession of years, in the 
land where their remains are now found ; evidence which 
completely " refutes the hypoihesiB of their having been home 
hitJier by a diluvial current, fi*ora i*egions of the eai-th where 
the same genera of quadrupeds are now limited. The very 
abundance of their fossil i*cmains in our island is incompa- 
tible with the notion of their forming its share of one genera- 
tion of tropical beasts drowned and dispersed by a single ca- 
tastrophe." 

The author ably discussos the question how the various 
members of that ancient fauna came into this island. Other 
and independent geological proofs shew that the British 
Islands were united witb the continent when it i*eceived its 
pliocene uianimalia, and the zoologist finds the known habits 
and powers of tliese mammalia to be in accordance with that 
configtiration of the land. He then considers the no less im- 
portant question, — although it is one more dithcult of solu- 
tion, — by what processes they became extinct \ The sub- 
terranean movements which separated our i-slanils from the 
continent, and submerged other parts of these islands, must 
have produced such changes in the means of subsistence, and 
powers of raigratiun af these aninnils, as must have been ona 
great cause of their diminution and eventual extinction ; the 
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loss of a Bufficieot supply of vegetable food for tlie grcaWi 
herbivorous qiiaJriipeds, and. by their dimiaittlit'd numbers, 
tho want uf support for the larger carmrora which pre\eil 
upon thorn. He enumerates other causes, which must have 
operated for a long period before the agency of man aid«d 
the work of extinctiuu. lie adduces many most cui'ious ajid 
interesting particulars in illustration of the laws by wbicb 
the geographical distribution of the mammalia of the pliocene 
and poBt-pliotene periods geuemlly appear to have been Je- 
tcrrained ; shewing that, " with extinct as with existing mam- 
malia, particular forms were assigned to particular provinces, 
and, what is still more Interesting and suggestive, that th€ 
same forms were restrietc>d to the same provinces at the- plio- 
cene [>erio4l aH they ai'o at the present day-*' 

In this work, ei^ty species of British fossil Mammalia 
are described, of which the following (forty-two in number) 
wci-o cither originally determined by the author as new spe- 
cies, or were fiupst recognised by him as occurring in a fossil 
Btate. They were, for the most part, described in the publi- 
cations of this Society. 

Atnphithoriiuii Broderipii. 
Arvicola agreatis. 
— - ■ pratentis, 
Balffiua afHnis. 

dcfiuila. 

emaxginiita. 

giliboiia. 

BaliTDoddn x>hysaloidcfl. 
BiEon minor. 
Bos longifroDB. 
Cervus Jtucklandi. 

Taraiidus. 

Choeropotannis Cuviiiri. 
Corjphodon eoocRiu. 
Dic^obune ccrvinuia. 
Eqaus jilicidetis. 
Fdis pardoides. 
Hjmcotlierium leportniim. 

cimiculua. 

Lagomys speliciu. 
Lophiodou inaguus. 



LopViiodon miniiniu. 
I.iitra vulgarLi. 
Macacus eucenus. 

pli»ceniis. 

Machairodus latideiu. 
Mplos taxua. 
I'aljeotberium magnam. 
I. ■ I ■ ■ craRsmn, 



— minus. 



Palvvspalox ijiagniu. 
PhuBoolutlierium Huckliutdi, 
PhoG«esa ciiisBideiiB. 
Phy»eter macroceplialua. 
Bhinolophua ferrtmi oquinum. 
Sorex vulgaris. 
Stnugylaceros spelseus. 
Talpa vulgaris. 
Trugontheriiuu Cuvieri. 
Ursiu priRous. 
Ve^pertUio vulgari*. 



Of the eighty species described in this work, — 
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Three arc of Oolito antiquit)" ; 
Twenty from Eocene tertiary strata ; 
Five from the Miocene Red Crag; 

Fifty-two from the older and newer Pliocene freBhwater 
and diift formations, 

the newer Pliocene species of fossil Mammalia, seven' 
became extinct before the historic period, viz. — 



{)Uocenu9. 
ilax magnas. 
priaciu. 

I<«gomvs 8[3«la;u?. 
Sle[4ia$ iirhiiigcniiia. 
RJunoccrw ticliorhmus. 

leptoriiiiiufl. 

Equus jiIicidcnB. 



Hysna spelKH. 

Folis B^jclttitt. 
Machsirodus latidcns. 
Trogontherium Cuvieri, 
Hippopotamus major. 
Megaooros Hilumicns. 
Strongyloceros epelicua. 
Cervus Bucklandi. 



Five species came down to the ago of tradition or history, 
and have been extirpated in England, viz. — 



Canis lupus, Wolf. 

Castor EuropKus, Beaver. 
Cervnjfi Tarundus, Ileimker. 



Bison priscua, AurocUs. 

Boa primip;oniiiH,orGroatUra6. This 

s[)cctca is uUu ijxtinct ou the oou- 

tiaent. 



Twenty-six of the Mammalia, whose fossil remains testify 
to their co-antiquity with the Mammoth, still exist in Eng- 
land, as well as on the continent of Europe, viz. — 



Voflpertilio noctula, ] .j> . 

Rbinolophus ferrum-cqutnutn, } 
Sorex, fcifirew, throe Bpocica. 
M«lcy tiLXus, Badger. 
I'utorius vulgaris, Pulecat. 
erraineufi, iStoat. 



Lepu8 cuniculus, Rablait. 
Equus cabullas, Horse. 

afiinua. Ass. 

Sua sctofa, Hog. 

Cerviia elaphiw, Uod Deer. 

^^^~ capreolos, Roe. 

Capra Siircus, Goat. 

Boh loDgtfrons (probable source o£ 

tlie Higlikiid Cattle). 
Physeter, Sperm "Whale. 
BalimoptBTs. 
Hal.Tfiiitt mystioetiiB, Wliolcboiiie 

Wliale. 



Lutra viUguris. Otter. 
Cani« vulpee. Fox. 
Felia Catua, WUd Cat. 
Mas rattus. Black llat 

raiiHCiilua, Mou90. 

ArvicoUi, Volo, tlirec species. 
Lepus tiniidue, Kara. 

Tou cannot but remember the great interest that was ex- 
cited when Dr Royle, in March 1836, communicated to this 
Society a paper by his friends, Captain Ciiutloy and Dr Fal- 
coner, then resident m ludiu, ou the remains of Mammalia 
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found in the Tertiary formations of the Sewalik MountAioi 
at tlie Huutbcru foot of the Himalayas, bctweeu the SutU 
aiid the Ganges ; discoveries deemed so important, thai Ui«-] 
Council, at the following anniversary, awarded a Wollaston | 
Medal to each of these gentlemen. Besides the paper bj 
Captain Cftntley, published in the fifth volume of oar " Traus- 
octions," numerous details respecting these discoTcrica are 
contained iu the " Asiatic Researches," and in the " Journal 
of the Asiatic Society of Bengal." A magnificcDt douatioo 
of these remains, euutained in more than two hundred chests, 
was made by Captain Cautley to the British Museum, and a 
work of immense labour and research has been undcrtokeD by 
Di' Falconer, to describe, in conjunction with his friend, now 
Major Cautley, these very interesting remains. Her Majefl' 
ty'a Government and the Directors of the East India Com- 
pany have supplied funds in aid of the successful progress 
of the work. The first part has just appeared ; it bears tlie 
title of " I'autM Antiqua Siealemtia,^^ and consists of twelve 
folio plates, and sixty-four pages of octavo letter-preas. No- 
thing has ever appeared in lithography in this country at all 
comparable to these plates ; and as regai*ds the represeuta- 
tiona of minut« osseous texture by Mr Ford, they are per- 
haps the most perfect that have yet been produced in any 
country. 

The work has commenced with the Elephant group, in 
which, they say, '* is most signally displayed the numeric&l 
richness of forms whicL charactenzcs the Fossil Fauna of lu- 
dia," and the first chapter relates to the Puoboscidba — Ele- 
phant and Mastodon, The authors have not resti'icted them- 
selves to a description of the Sewalik fossil forms, but tliey 
propose to trace tlie affinities, and institute an arrangement 
of all the well -determined species in the family. They give 
a brief historical sketch of the leading opinions which have 
"been entertained by palojontologists respecting tlie relations 
of the Mastwlon and the Elephant to each other, and of the 
successive steps in the discovery of new forma which have 
led to the modifications of these opinions. They state, tJiat 
the results to which they themselves have been conducted, 
lead tliem to difier on certain p<iint« from the opinions mosl 
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commonly cntertAined at the present day respecting the fossil 
species of Elephant and Mastodon. As thoy differ in their 
conclusions frum those of Cuvier, De BlninviJIe, and Owen, as 
to specific differences, you will readily conclude that the proof 
tLey adduce rests upon nice diBtinctions in anatomical struc- 
ture ; to enter upon which would be quite unsuitable on the 
present occasion, by even the most competent to judge of 
questions in which such high authorities disagree. 



CoRcftutoii. 

Although this Address has extended to so great a length, 
Uiose who are actively alive to what is goin^ on in the seve- 
ral departments of Geology, will have found many important 
works of the past year unnoticed, many topics of interest left 
UDtonclied. This would not have been the case to so great 
an extent, if I had had more time at my disposal. Even with 
the opportunities I have had, I might have briefly noticed a 
greater number of boolcs published in our own and in foreign 
countries, and memoirs contained in journals and transac- 
tions ; but I confess to yielding to an inclination to dwell 
npon topics that have more particularly attracted me in my 
post geological studies. 

It is highly gratifying to see so much activity in the culti- 
vation of our science in almost every part of the civilized 
world : and still more satisfactory to observe, that it has been 
for somo time past pursued in a better spirit, with a dispo- 
sition to greater accuracy and rigour in investlgatiun, and 
with a more strict adherence to the rules of philosophical in- 
quiry. When we contrast the state of Geology now with what 
H was when this Society was established, or compare the then 
limited extent of our knowledge of Paleontology witli the 
wide range it now takes, and when we think of the crude 
hypotheses and hasty generalizations, founded on the most 
scanty and imperfect observattyns, which were then misnamed 
science, we may well look back with satisfaction to the work 
of the last thirty years, to which tliis Society has contributed 
no inconsiderable share. 

It haa hitherto too frcquLMiLly happened, that gcolugists 
have dealt with imporlant questiuus of physics, chemistry. 
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comparative nnatumy, zoology, or bofcaoy, without au ade-' 
quale ucquainiancc \Wth tho principles and known laws of the 
science essentially involved in the question. Now, unlefts our 
concIuHiuuB will bear the test of the most strict uxaminatioD 
by those who are ocknowlcd^d authoriticti in the particular 
Bctence, it is obvious that we cannot make nny secure pro- 
gress. The study of Geolo_£;y, more perhaps than that of anr 
other branch of natural science, hoa a tendency to ci*eftte a 
disposition to theorize; this disposition, however, if kcptwttli- 
in due bounds, is rather to be enoiuraged than repre38cii,fur 
it has often proved a stimulus to accurate observation ; and 
to arrive at a knowledge of a true theory of tho earth, i*, in 
truth, tho great aim of our inquiries. But we must carefally 
guard against the error which the earlier geologists too fre- 
quently I'ell into, of quitting the sober path of inductive ]H- 
losophy, and wandering into the regions of imagination. We 
must indulge in uo theory tliat is not in accordance with^la** 
of nature of which we have had experience, or which may l»e 
fairly inferred from that experience, although the opcraliona 
we seek to explain may have been on a greater scale tiiaa 
any of which we have certain knowledge. The cautions and 
accurate Hayfair was wont to inculcate upon those who 
studied in the school of Ilutton, the warning of the noble 
aphorism with which Bacon opens his great work, tiie *' No-1 
vum Organum,*' — an aphorism which every geologist will do 
well to bear in mind when he ventures to theorise on causes:— 
" SomOf nafttrw minuter ei interpreg^ tanlumfacit el mteUi^itt\ 
quantum, fie naturte ordine, re vel mente observaverit ; ttec 
plius scit, out potest." 



On certain Phenomena presented by the Qlaeiers of Smtzcr- 
land.* By M. EsciiEU de la LriTTii. (With a Plate.) 

T have just read, with much interest, the memoir of M.I 
Durocher on the erratic phenomena of Scandinavia, and am] 
glad to pei>ccivc that M. Burocher is of opinion, tlmt thoj 

ant which has profluced fnrrows on the surface of Scandl- 



* In Uib &rticl« Omn » tome obscurity, probably owing to a lutd niBiiuenpt 
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navtn, lias been tlie samo as that which produced them nmong 
tiie Alps. In fact, the detailed descriptions and 6guroa ^Ten 
by M. Dnrocher, correspond so well to the (urrowcd surfaces 
of our Alps, that I cannot perceive any important diflferencea, 
the contrast between the sides that have been abraded and Uio 
aides that Lave been prpserved, existing also among us, a cir- 
cumstanco of which M. Durocher himself mentions instances. 
I likewise shore with him the opinion, that the agentji whiob 
produced the fun-ows most have been flexible. M. Dm*ocher 
is of opinion, that, among the agents tliat have been proposed 
to explain this phenomenon, water alone possesses this clia- 
racter, and he, consequently rejects ice. It is worth while, 
however, to examine whether the ice of glaciers is really doa- 
titate of the degree of flexibility necessary to produce this 
effect. 

Now, without taking into account the results obtained of 
Ute years by Messrs Agassiz and Forbes, relative to the 
movements of glaciers, results which cannot well be ex- 
plained without attributing to the ice of glaciers the proper- 
ly of bending and becoming flexible, I am persuaded, that, if 
wo observe the curves and folds described by the blue and 
white bands (elsewhere rectilinear and parallel to the length 
of the glacier) in the neighbourhood of rents, and, in general, 
wherever the movement of the glacier has been interfered 
with by some obstacle, no one can refuse to admit tJiat the ice 
of glaciers is flexible, and sufficitnihj flexible to enter, under an 
adequate pressure, into all the anfractuosittes of the ground 
and of the walls of glaciers : in short, that it is sufficiently flex- 
ible to accommodate itself to all the ntoveraents M. Duroclior 
requires in tlie gi'oovtng agent. If the ice of glaciers is not 
very flexible in certain circumstances, how can we explain the 
very sliai-p folds, and the inBcnsible passage to fainter curves, 
represented in Figs. 1, 2, 3, 4, Plate III., — curves which, 
as has been already stated, are never found but when cre- 
Tassea, more or leas ft-equent, intimate that the glacier is in- 
terrupted in its movement, and has obstacles to overcome 1 
I ought to add, that, in nature, the curves are much more 
regular, and better marked, than they are in the figures. 
Tbey are also much nearer each other, the breadth of tlte 
blue and white bands varying from nearly 1 millimetre to 4 
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centimetreB. The figures meruly g^ve on idea of the fons 
of the cui'ves. 

Starting with the suppoaition that ice is rigid, M. Darocher 
says that the glacier can exercise ita grooving power only attti 
bottom, l'^ig.5, Plate HI., representing the end of the weakm 
arm of the glacier of Viesch^and ita western wall overhnn^ing 
and furrowed, shews, in my opinion, with all the evidence ik- 
fiirable,tbat the assertion alluded to is not correct. In fact, ve 
there see, from a lieigfat of nearly 2 metres above the gromtd, 
the glacier resttng immediately upon and against the graoitic 
wall, wboBO rounded and polished surface exhibits large hr- 
rows ft little inclined towards the horizon, and which extend 
to a distance in a direction parallel to that of the glauer. 
Id the concave and convex parts of the granitic E:urface w« 
see, moreover, smaller and shallower furrows, from 2 to 6 
centimetres broad, sensibly parallel to the great ftirrow! ; 
besides, we remark, principally in the farrows, a multititde 
of extremely fine, scarcely visible, striae,^ parallel to the for- 
rows. Stuues* were set in the ice, so firmly cemented viUi 
it (evidently by the pressure of the superior moss of the gU* 
cier, which rose 100 feet above the ground), that I had mach 
difficulty to detach some of them with a hammer. These 
atones, a little nibbed on the side of the rock, were covered 
on the same side by an extremely fine mud, almost uuctuons 
to the touch, owing to the fineness of its gruD. This mud, 
mingled with fine sand, likewise covered the accessible port of 
the orerhfuigingrock. separated from the glacier at the ba«e 
by an empty space, evidently produced by the influence of the 
summer heat. This cjivem continued to get narrower up 
the glacier in such a manner that it was scarcely 20 paces 
long. Some weeks earlier, one would, no doubt, have seen 
the glacier skirting the rock to the base ; but then one could 
not have seen the large fhrrows extending beneath the gto- 
cierj OS was then the case.t 

* ThMe ftoDfis bad, ao doubt, originally falUn from the higber parts of tlu 
wall, or the florface of tbe glacier, Id the interval wbJcb, on the cuiTaoe of 
glaciers, U iio oftfin fooiid between the ioa and tbe walla of Iti bed ; thcj were 
then enoloMd by the ic«. 

t There la oociaideralile obKUiity in tbl« p«ge, owing, probably, to » txid 
nuuiascrlpt. 
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It is dear thai the stones imbedded in the ico must od^ 
vance Himulianeoutily with tlie glacier, and that tbey cannot 
ftdvuncc vvntbout being rubbed, and, according to the degree 
of their own hardness, and that of the walls, produce fur- 
rows and atrio) in the latter, or receive such themselves (de- 
tached stones, polished, furrowed, and striated). The mud 
mentiuncd appears as the neccBsary produce of the friction 
of the stones against the rock ; accordingly, we observe it 
everywhere in the rivulets which issue from beneath glaciei*a. 

The uiudu of pruJuciug polish, furrows, and strisQ, is thua 
exhibited so distinctly to the eye, that every one, I bhould 
imagiue, otight to yield, to the evidence of facta, and admit 
that glaciers have the power of producing the phenomena 
mentioned in all pai-ts of their bed* 

With regai'd to the deep and undulated cauals, I confess 
,t in such canals, which are very frequent in the bottom 

our glacier beds, but rarely accessible to minute examina- 
tion. I have not hitherto remarked the striated appearances 
mentioned by M. Durocher. But, the flexibility of the ice 
once admitted, there is not the least difficulty in conceiving 
their prodaction in such a canal, as soon as it is left by the 
water and filled again by the ice. The frequent change of 
waicr-coursca under thu glaciers is a phenomenon too well 
known to render it necessary to enter into details on this 
subject. 

It appears to me, therefore, that M. Durocher'a objections 
to the theory of M. de Obarpentier, which ascribes the far- 
rowing to glaciers, are refuted by the examination of what 
we witness taking place in glaciers still existing. 

Let us now see if facts are not to be found which require 
properties in the furrowing agent, which are opposed to those 
of a current of water or mud. It appears to me that there 
are several. 

1«A The large furrows, as well as the fine strim we see in 
conntnes now destitute of glaciers, are by no means, in ge- 
neral, rectilinear ; on the contrary, tbey follow, in lines ge- 
nerally almost horizontal, exactly the irregular circumfer- 
ence, often very sinuous, and even almost at a riglit angle 
with tbe walls. The instrument by which these furrows 



1 WWE 



348 M. Eacbcr de U Liath on certain Thenomtmu 



have bfieu pi-oduccd, has therefore followed exactly, m Hs 
pi*o(!TC8Sj this tortuous cipoumference. Now, of whiitcvcT 
denBity wi? may Buppose » current of water or mud to be, it 
will always be less tliaa that of stones, if it must posisess a 
considernltle quickness. Stones, moving nearly in thu dii'ce- 
tion of the current, will no doubt here and there (ro along- the 
walla of the bed ; but all those which roa<;h the side-walk 
under whatever angle that may be, will be thrown back 
towards tht) middle of tlio current, and it njipe;u'8 tu mc 
altogether impossible that they can turn the least salient 
angle.* 

Admitting, for an instant, that a current may produce tine 
striK, it is then necessary to suppose, with regar«l to such as 
are not rcctitincar, that, commencing with one stone, they 
have been continued by a second, a third, &c., which, bj^m 
aoddent the most improbable, should hare continued tlie 
striiB exactly from the point where it had been left by tbe 
procedinf? stone. 

-Again, when we consider that nearly horizontal furrows 
shew themselves in the upper valley of the Aai*, in a spaoe of 
many thonsand feet in height, wo must suppoRo, in order to 
account for a simultaneous origin thi-oughout the whole 
height, a current, at least, of equal power, a current of a don- 



* "So (me, u far oa I know, tiaii cvi^r iinitccidcd to hav« obverred atriao of lbs 
noture In f)ui>Btion, [iniiliiriMl liy iiL'tiinl cnrrcnts. Stcnos set in notion by a 
torrent hnvo neither tha power to produce nor to receive atrin, txtcauHtt in roll- 
ing along they only rub others, and iur« ra\>bed themsolvM. In fnct, wo Jievvr 
find EtrlK eitbor in th? bvdi of torrents or on the borders of lakos, not oven in 
cboulomcnts, such m those of tbo Dont-da-SIldi, and Oomb»-M«UToliiIn, n««r St 
MatiricQ. It is true that the stones in the tattei* socMtimeA exhibit whiiA njiota. 
a little elongated (the longest I bavo seen did not exceed an inch and n-h«If j, 
produced by the rubblntf of the stones against each other ; but t)it*ft *.\Hxi* aj*. 
[)«[ir to enable us cxpr«it*ly to dlstingitiih Iwtweeii what can be produced in tliU 
way by ilobnclca and glai-ient. Vie find not one of thoM horisootal stri» on 
the surfsco of the wulls, exceeding six inches In length, tbo edges well deiined ; 
In short, Htrim nit tu* with u graving tool. We will seek for them in rain oa 
the surface of detar?hod etoni^p, while they are very fre<]iicnt, and aometlines of 
astonlFiliIng perfection, on the surface nf the calcareous pebbles of the morsJnea 
of existing glaciers fglacier of Snstenhoro, at the foot of tbfl MeyontluU), and 
in the erratic Icrranttann of nil $witxerland. 
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«rty exactly similar to that of the stones, in onler tbat, from 
their primitive position, tliey may advance almnat liorizon- 
tally. Uesides, it is necessary not only to make the stones fly 
Kke an arrow, but we must assipi a tortnons path to thoBO 
utaate near the margin of the bed, without, however, making 
them lose their speed- In order to account for a successive 
origin, we must necesaai'ily suppuse tbat the valleys are ex- 
cavated by the effect of currents, in order that the furrows 
trom aboTC could be formed before those of the middle and at 
t}ie foot of the slopes. 

I confess that the view of the labyrinth which oithev of 
these suppositions opens up, alarms me much more than the 
idea of countries covered with glaciers. 

By admitting, on the eontrai*y, that the polish in question, 
the furrows and stride of coujitriea destitute of glaciers, are 
the produce of glacial action, we only apply the effects of ex- 
isting glaciers to forms exactly similar to those which the 
glaciers contimie, under our own observation, to^ve to their 
walla; their ice is sufficiently Hi;xiblo to ply around the eon- 
tours of their bed, and sufficiently compact to press the 
grooving body constantly against the wall. The action takes 
place simultaneously over the whole circumfei'oncc of tho 
glacier, where the gravel or stones are found at its edge, and 
where it is not separated from the walla of the bed by some 
void space ; a space, however, wliich will disappear sooner or 
later in its turn, and be again filled with ice and stones. 

2rf, It is not rare to find erratic blocks, especiiilly of a cal- 
careous^nature, but likewise, also, of a gnuii to, having one of 
the faces (to the extent of a metfe square) Hat as a table, 
and rayed with furrows and atnai more or less numerous. 
These flat surfaces are found in blocks which have travelled 
Tipwanla of fifteen leagues, and the circumstance uppears to 
me incompatible with transportation by cun-ents, n« much in 
theory as in practice, aincB the blocks of currents never shew 
us anything similar. 

3t/, In some places, for instance on the western side of the 
valley of the Khiue, near Obcrried (Canton of St Gall), and, 
ft league beyond the baths of Pfeffcrs, in the valley of Ta- 
mina, we find on tlie surface of a polished calcareous ruck, for 
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a great cxt«nt, rays rery nearly horizontal, and from one and 
a half to four inilluinitrea broad. In the verj* wide hollows of 
these ro,va> small and tranavcrac notches may bo seen, almost 
alwayn more or less curved, usually about 0" 3 distant from 
each other, their convexity constantly turned up the vslley. 
These notches have all the appearance of the trace of an in- 
strument like a chisel, whicbt moved by a slow mecliantsiu, 
and somewhat tremulons action, presses against the sabstanee 
submitted to its action, sometimes more and sometimes less 
strongly. 1 believe that no one, on seeing this appearance, 
would hesitjite to ascribe it to a very tiotv movement, siniilur 
to that of glaciers, and to consider it altogether incompatible 
with a rapid mos'ement. 

The polished rock neai* Pfeffers, cleared a little while since 
by a rivulet from the detritus which covered it and protected 
it hitherto against the influence of the atmosphere (fig. 6, 
Plate III.), presents still another peculiarity. Very nearly pCT^ 
pendicular to tlio furrows which follow the general direction of 
the valley, we perceive numemus slriie all very fine, of a depth 
more appreciable, sensibly parallel to each other, and running 
in the direetiou of the greatest acclivity. These strife crosa 
the longituduial furrows in some places in so distinct a man- 
ner, that we perceive they are of newer formation. I know 
not what explanation the advocates of currents would give of 
this circumstance. In the theory of glaciers, it presents it- 
self as the result of the slow movement which the detritus of 
the surface of the glacier has been subjected to, during the 
sinking and melting of the glacier, that is to say, daring its 
transport fi'om ab to c d, fig. 7, Plate III. 

In short, it appears to me that M. Durochcr's objection to 
the production of furrows and striie by the action of glaciers 
arc by no means plausible, and that the circumstances men- 
tioned above prove, on the contrary, that it is glaciers which 
have produced them, or, if such a view of the matter be pre- 
ferred, an agent still altogether unknown, which gave rise 
to effects absolutely identical with those of glaciers. 

I refrain from entermg into a conip»i*ison of mounds and 
erratic deposits with the deposits of glaciers, and from shew- 
ing that the transverse erratic mounds most distant from ihe 
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Alps — for example, those which surroand the openings of the 
hUces of Zurich, Greifensce, and Seiupach, are connected 
more or less intimately with the moraines of existing glaciers, 
and that the mode of produetion in the one case is absolutely 
the same as in the other, in general, it may bo said, that the 
more we study the erratic formation of the Alps the more wo 
find iu it analogies with the deposits of glaciers, and the 
more do the difiioultica of the theory of currents multiply and 
gather strength. 

With regard to the lapias, of which M. Dcsnoyers has 
^oken in discussing M. Durocher's Memoir (p. 85 of the Bui- 
letik), I may bo permitted to add, that this phenomenun a.p- 
peai*s to me to be completely independent of the action of 
glaciers. The prevailing character of the latter is to make 
all the natural asperities of the ground disappear, and to pro- 
duce forms more or less rounded and flat. The chantcteria- 
tic property of the lapiaa is, on the contrary, to increase the 
inequalities of the ground, to hare a surface excessively rough 
and covered with projecting points, hollows between the pro- 
minences, and even the smallest intervals bearing pointed 
projections and plates as sharp as a knife, &,c. In it the 
furrows are, in general, in the direction of the steepest slope, 
&nd frequently terminate below in funnels sensibly vertical, 
very deep, often corresponding to the tributaries of the great 
Springs, spouting out on the slopes, and at the bottom of moun- 
tains (Hundsloch in Wceggithal, sources at Engolberg, at Bi- 
sithal, &c.) The formation of lapias, in my opinion, depends 
on the want of perfect uniformity of substance in the rock, 
taken in connection with its being of a certain consistency, 
a consistency which admits of the parts not destroyed to re- 
main standing, and increase in size in proportion as the chan- 
nola become deeper by the mechanical and chemical action of 
what falls from the atmosphere. In fact, it is only, as far as 
I know, calcareous rocks which exhibit lapia.s; they never ap- 
pear in sandstone and crystalline rocks. Among the calcare- 
ous rocks of the Swiss Alps, it is that at Caprofiita, and the 
compact, bluish-black, brittle limestone (repi-esenting the 
middle oolite), which are most favourable to the develop- 
xnent of this form of surface, principally in elevated regions;, 
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or where there in no vogcttttitm to prot(«ul tlic surfaco ngawst 
the influcnco of atmospheric agents. 

Explanation of the Figure i*n Piatt HI. 

Pig. 1. Contortions of the icjr masses near the north edf^ of tlieglMitr 

of the Ob«raar, 2th K\i^a«.t. 1842. 
Fig. 2. Contoraious iii tbc glacier of tbo Untcranr, near M. Agtuu'i 

galtorj, 1st August 1642. 
Fig. 3. Oootoniotu in tbo glacier of AlotKb, near Lalto Moriel, 171& 

Jul.vlB41. 
Fig. 4. Contorsiona in tbc glacier of Aletsch, balf a Icagac abore Lake 

Rforlcl, l-lth AugTwt 1841. 
Fig. 3. Lower extroiaitjr of the western arm of !he glacier of Vie«J. 

30tb June 1841. 
Fig. 6. Limestone rock, polinhcd, fxurowed, and fttriatftd, in tiietiDfly 

of Taiuina, a league beyond the Baths of Pfeffcr*. 

— Geological Societi/ of France. Seance lOt/t Janvier 1846. 



An Account of Thermo- Eiectrical ExperintcnU. By Mr R- 
Adie, Liverpool. Oomtuunicitted by the Author. 

In tlio present coiiinmniwition, I pri)[iose to rcaumo tlie conaidera- 
tion of soino of those thuniioelcctrical experiments, which were po^ 
Itsheil in Nofi. 70 and 71 of this Journal, chiflly for the purpow «f 
shewing that, iii the joints of tliermo-oloctric couples, molecular of- 
tion lias no power to det'ilop a current of eleetrieityf unless tkt 
hars arc utveqitally heated. 

RefcrriHg to the above mentioned papers for several facts wfcici 
go to shew thnt there is e, nnjlecular clinngc in a joint, which has been 
long engaged devolojiing a thcnnu-elcrtnc current, I have siuce en- 
deavoured to fintl a' similar change in a joint which ha.s b^-en long 
eq^ually heated at a lenipcraturo a few degrees below boiling water. 
Ono series of experiments estertdeil through a period of i?ixtO€n 
months, yet in no case have I mot with a molecular change in the 
joints of EHjually heated thermo-electric couples. From this we 
fhotild infer that iinef]^ual heating is nccettsary to produce the mole- 
cular cliange ; then, reawming from analogy, we should expect to 
find that molecular change, without uneijual heating, Bhould, in lilt* 
manner, fnil to throw an electrical eurrent into circulation, n i-oeult 
which I shall endoaTour to establish, by briefly ninning otot a ftw 
experiments. 

In Nd. 74, p. 308, I tiaro stut^id tliat I ocjuld product} no fsSeot 
on the galfitnonieter by tlio slow mechanical fracture of the solder- 
ing of a ihermo joint. The following is a much moro satisfrictory 
uitthod of testing this point. A couple of bl*;niuth and lead wero 

jnccted in the uitual manner with the gal rano meter, and their 



togetbdr with a portion of the bismuth bar, was placed betwixt 
i?cliOi'« of a strong vice ; on piiicing the fice, tlio binmiilh was 
►rushed together, emitting a ci-ackliHg; sonmJ like tin, when bent bacV- 
ards and forwai'ds; theru was no decided nction on tho galranome- 
«r. llopcatiug this experimont with another similar in the vlcc- 
oint pla<:ed between two cards in the vice, in order to prereut the 
bass of iron in the vice from quickly withdrawing aujr heat which 
]te fiolent crnshing developed, at the moment of coinpro&sion the 
^vauotnctor made a swiiij^ of lU^ in the (>ame direction, as if tlio 
oint hud been vci-y slightly heated. Had molecular change been 
lone able to derelop an electrical current, tlie galvanometer sboald 
lavo in both cases moved, and, if I apprehend rightly, Uiu extent of 
ite action should have been very great. 

In fonning mercurial amalgams, abundant molecular change can 
» pi-wluced without any perceptible variation in tempomture. To 
use mercury hkc a bar of metal in u tliei-mo couple, a glass-tubo. 
Vpen at one end, and fused at the other uround a piece of plutiuu wire, 
was dlled with mereui^ ; tlie platiiia wire was connected to one ond of 
the galvanometer wire, and a Imr of bismuth, connected to the other 
ccctreniity, was modo to dip into tho mercury at the open ond of Uie 
tube. In this an-augenicnt, tho bismutli was slowly combining 
with tho mercury, yet there was no eftect en the galvanometer so 
long as cure waii taken to prc-acrve ei^^ualiiy of teuipemturo through' 
out the couple. Thu sii-mo was found for lead and tin. AVhen 
unc<.|ual tempei-atures existed, then the well-knoM'n thermo-electric 
effects wore noticed, whore bismuth is tho generating metal to mer- 
cury, and mercury the generating element to lead or tin. From. 
some unseen cause, most probably connected witJ) tho circumstance 
of one of tlio elements in those couples being a j3uld, the density 
of tho amal^fams foniilni; hu.s no inlluoncu on the diractioa of the 
electrical current developed ; for, wlien one eq^uivalcnt of tin and 
mercury are amalgamated, tho specific gravity by experiment is 
11*05, by calculation 12-15 ; and i'or uno equivalent of biiimutli and 
mercury, the epccifia gravity by experiment is 12-08, by calculation 
12-65 :* tljo calculated spccIBc gravity is on the supposition that the 
metals unite without change of volume. Lead and mercury giro 
exactly the Kamo density as calculation shews, but from the above 
numbers it is seun, that the amalgam of tin undergoes a gi-eater 
change in volumo than that of bisnmtli, yot thu Lhcrmo'cloetrio re- 
lation of tin to mei-cury ik nearly iiketlmt of lead, and quite dilTei-ent 
from bismuth. 

I have formerly mentioned canes of other metals whore the influ- 
ence of the molecular change is distinctly scon on tho thermo-olcctri- 
cal cuiTeut generated. The two best examples of this kind may bo 



* The proportion of mercury v»u« iried Tor half on e(iuivAl<>&t and for tvw 
•qalvaleoUj wUch only vnrliMl lu degree tha chungoR nnticed. 
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briefly rcc&pilulat«d. A piceo of Ktft steel with a portion b&r<Joni}d 
&Dd i-educod ill density, by licating and plunging ia wat«r, givos a 
thermo current passing from the Iiard ur olianging side to the soft 
or more titatianary side. A similar cxpcrinieut wil£ the part hard- 
enod and mado dense by hammering, giros the current pasiiing rrom 
the soft part to the hard. Bars of hard steel change their diraensioa 
by annealing at temperatures 20° above the weather. This I hare 
carefully observed by reading off tlieir length with delicate micromo- 
tor microscopes. Furtber> I am itifgrmed, on excellent aathority. 
that the steel balance- springs of chronometers are &nbjoct to a change 
extending over years ; it is by the rates at diflcrent temperatures 
that this slow change is found <nit| — a truly beautiful method of do- 
tecting minute alterations. 

Antimony, when cost in a cold metal mould, has a lo«r specific 
gravity which rlseiii by annealing ; when caitt in iho same mould 
heated, tho specific gravity is high, and reduces slightly by anneal- 
ing ut high temperatures. When an annealed bar of antimony V2& 
connected with a soft bar of iron and the joint heated, the iron was 
tha generating metal ; but when a quickly cooled bar of antimony 
was substituted for the annealed piece, then the antimony became the 
generating inclal, being a reversal of tho natural relation, and con- 
tinued GO until tho tonipcrature reached IGO^ where, although there 
WHS une<]ual heating, and molecular change in so far as rcgai'ds the 
(Icusily of tlio bai-s, there was still no electrical current, most pro- 
bably from the change in tho two eleinonts exactly countorhalancing ; 
for higher temperatures the usual relation of iron to antimony was 
establislicd. Thoso experiments with iron and antimony have always 
appeared to mo to bo valuablo fur reconciling tlio action of a pair of 
thcriijo-cloctrio elements with an ordinary galvanic couple ; where 
tlio molecular actiun corresponds to the chemical action, and the un- 
equal heating in the thermo couple has to pcrfoiiu the same office 
which the fluid has in those batteries excited by .ictivo chemical 
agents, namely, to produce tho electricity in a form that will circu- 
late in a current. The facts shewn by the couples, where mercury 
forms ono of the elomentf. present difficulties which may serve to 
stiniulato more able inquii-ors to endeavour to explain. 

Tho results which I formerly gave of motallic silver, pi-eeipitatcd 
by astrni and solar inlluciice, acting on tlto tliunno-clocKJc butteries 
duscribwl No. 70, fig. 1, I have since repeatedly verified; but for 
i\ih climate tho quantities of metal obtained aro much too small to 
serve any purpose, beyond proving that silver may be so precipitated. 
Tho experience of three years now mates me prefer the aiTangemont 
dv^erlbcd (No. 70, p. 34t]), as a scn!i>iiivo instrument for telling at 
all times tho rale of radiation to or from tho eurlli. 

There are molecular changes in metals, either imuiei'scd in water 
or cxposd to the moisture of the wcatticr, which ai'e very rapid. A 
piece of thin brass wire exposed to the weather soon becomes britUe, 
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and cannot be bent witliout breaking ; while its original pUabilitjr 
maj bu restored by annealing at a dull red heat. Tho Eama fact has, 
I belitve, been ubdcrvod for pieces of copper immersed in battery 
cells for electrotype purposes. That these changes are connected 
with tho water surrounding the metals is at onco shewn by tho fact, 
that portions of the metals kept dry, but engaged conducting an elec- 
trical current like tho wot parts, remain unaltered. Tiicy are evi- 
dently of a quite different character from the slow change in thermo- 
electric joints at high tempera tureii, whore the heated metal surfaces 
are always in a very dry state. To detect a similar action in joints 
at lower temperatures I have experiments of now near three years' 
duratiun ; but from all I can obi^erTe, this space of time fulls far 
ihort of what will be required. 



Account of a remarkabh Cave in (he Island of Barhadoeg, 
commonly called " Cole's Cave'^ By Joiijf Davy, M.D., 
F.II.S. Lond. and Edin., Inspector- General of Army Hor- 
pitals, &c. Comniiinicated by the Author. 

It 19 not my intention, in the present cummunication, to 
enter iuto any minute account of this well-kuown cave ; — it 
ia my wish, chiefly, to point out some of its peculianties, and, 
most of all, certain appearances which seem to mo interest- 
ing in relation to geology. 

1 may premise, that Cole's Cave is nearly in the central 
port of tlie island, ou an estate called " the Spring," — a name 
derived, it ia said, from a spring in tho cave, the source of a 
subterr-aneous rivulet. It ia distant about six miles from the 
principal town. Bridge-town; and may be about five or six 
liuudi*ed feet above the level of the sea, and about thirty feet 
deep, measuring from tlie surface above. The descent to it 
ia flteep, but not difficult. The entrance is narrow, and, con- 
sequently, tlie descending rays of light are soon lost, and the 
interior of the cave is dark within a few feet of ita mouth. 
The cavern may be briefly described as a subterraneous chasm 
or rent, of variable dimensions, and varying in the most irre- 
gular manner, with branches from it. That of greatest ex- 
tent has never been followed to ita termination ; and it is yet 
a problem whether its termination is in the direction of the 
low coast to the southward, or the contrary, inland towards 
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the billy pnrt of th« island, in a northerly direction. There 
IB a stn-ara on earh aide, which may be ailduoed in fovonr of 
eitlier hypothesis ; but the course tlie chnsm takes, bo far u 
it bw been penetrated, favonra most the latt-cr. The cavern 
occurs in n calcareous rock, — an aggregate exceeilinglj va- 
riuus in dilFcrcnt situations, — <>ften abounding in shells ud 
ooral, often hnTing tlie character of Ireestonc. This applies 
to Iho formation generally. 

Water is plentiful in the cnrem; there are few placw 
where there is not a dropping of it from the roof, and, m al* 
ready mentioned, a spring of water rises in it. This occurs, 
it may be, ubout tifty yainls from the mouth. It ia copious. 
Its temperature, when I tried it ubout noon on the 11th July, 
was 77' Fahr., which, probably, is nbont the mean annosl 
teuipcr.iture of the spot. It gushes from the rock with force, 
and immediately forms a pretty and clear rivulet, whinb, af' 
ter flowing some way, is lost, and a little farther reappears 
and continnes sometimes running sluggishly, forming pooli, 
Bomotimes rapidly, us fai* as this the main eha.stn has beco 
traced. It may be mentioned, that another chasm, communi- 
cating witli this, is without a running stream. In its be<li 
however, are some pools of wat«r, and large deposits of clayi 
which also occur in the first mentioned at intfirrals ; eleai'ly 
indicating that during floods, the consequence of heavy rain^, 
the cave is liable to be inundated, the clay suspended in the 
water subsiding on rest ; and thus further indicating, that 
the outlet of these cbasuis is very narrow, so as to admit 
of a small stream only flowing out, and, eonseijuently, of 
accumulation and rising of the water and of a partial rest 
within. The clay or mud traces on the walls of the cavern 
Rbew that the depth of the collected water, wbcu highest, ia 
many feet. 

Though BO moist, and though all the other circumstances 
of Uie cavern seem favourable to vegetation, excepting on 
the exclusion of light. — there is a total absence in it of vege- 
tation, oven of the lowest kind ; not even a mucor is to be de- 
tected, at least I sought for such in vain. The only living 
things known to 1m: found in its recesses are a few of the fresh- 
water craytish of iJaf badocs in the stream, dome insects of tlio 
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firickct kind on the Walls, and numeroua batn, which make its 
drier parts thoir roostmg-places. 1 have not been able to 
learn that any lizard, analogous to the Proteus, has been 
fouitd in its pools. 

Where water is always flowing;, and commonly droppings 
it is not siirpriRing-, especially considering the nature of the 
rock- formation, that deposited carbonate of Umo should 
abound. Its character seems to me the most interesting cir- 
CQDistancc connected with this cave. I' have specimens now 
before me, which I broke off myself, evidently furmed ft-onj 
deposition in water, exhibiting a very remarkable variety, 
not only as regards forms, but also structure ; in brief, there 
is a tolerably complete series, from a kind resembling moun- 
tain limestone, to another very little diflferent in appearance 
from Parian marble. Even in the strata of the araaller sta- 
lactites and stalagmites, such and other diftercnces are ob- 
servable ; thus, one part may be very fine-grained in thin con- 
centric layers, another confaaedly crystalline, and a third 
more regularly so. Xn one specimen, and that a stalactite, 
the general structure is radiated, shewing a teudoney to the 
prismatic form of crystallization, accompanied by transverae 
lines, as it were, of cleavage, denoting the rhomboidal form ; 
the one approximniing to arragonitc, the other to cale-spar. 
Moreover, there are, in particular situations, strata formed 
on the bank of the rivulet very likn tufa, or a porous freestone, 
and somewhat similarly constituted, being formed of carbo- 
nate of lime in crystalline grains, acting the part of a, cement, 
and of a portion of sand or a little clay. 

I have thought it worth while to examine chemically somo 
of those specimens exhibiting the greatest variety of charac-r 
ter; and I shall briefly notice the results of the trials. 

The pure white crystalKne specimen resembling Farian 
marble appeared to consist of carbonate of lime alone; no- 
thing else could be detected in it. 

That resembliug mountain limestone, of a fawn colour, 
finely granulai*, and in part minutely crystalline, besides car- 
booate of lime, contained a minute rjuantity of alumine, with 
a trace of peroxide uf iron, and a small quantity <)f matter in 
a finely divided state, not soluble in an acid, which, under the 
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microscope, had the granular appearance of particles of clay; 
with which were intermixed a few grains of excessiTely fine 
quartsose sand. 

The tufa-like Bpecimen, or that resembling porous Band- 
stone, it has been already mentioned, consisted of crystallice 
grains of carbonate of lime, and of a little clay or sand. WitJi 
this carbonate of lime a minute portion of phosphate of lima 
was detected. The sand that remained uDdiBBolved by an 
acid mised with a little clay, consisted partly of water-worn 
particles of quartz, and partly of particles like those of vol' 
canic ashes, being angular with ahai*p edges ; — such was tbs 
appearance of both, as seen under the microscope with a high 
power. 

Lastly, the clay was found to be very compounded, and to 
contain carbonate of lime in small quantity, a little carbonate 
of magnesia, a minute portion of alumine soluble in an acid, 
and a minute portion of phosphate of lime, besides a portion 
of sand, and a large proportion of clay not readily soluble ia 
dilute muriatic acid. Its compound nature was also indicated 
by its fusibility before the blow-pipe. Amongst the speci- 
mens I brought with me from the carera, there were two 
kinds I have not yet noticed. One was a fragment broken 
&om the wall of the cave : it consisted of incrustation of 
carbonate of lime, coloured brown, and in part almost black- 
Its colouring matter I found to be peroxide of magnesia^ 
mixed with some peroxide of iron. The other were small 
masses, either spherical or oval, the lai^est not exceeding an 
almond in size. They were numerous in one part of the bank 
of the stream. When taken up they were soft and most 
eOisily broken ; after exposure to the drier open air (the air 
in the cavern tried by the moistened bulbed thermometer, 
was found saturated with moisture) they increased in firm- 
ness. Many of them when broken were found to hav» aa 
ochry nucleus, giving the idea that they might be embryo 
concretions of clay ironstone, that in process of time the 
proportion of oxide of iron might increase, and that ultimately 
they might become included in a bed of clay. 

What arc the influences which arc to be drawn from thi 
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Dthor specimenBj Thut the material of them, so vurious, was 
iifaer deposited from water from a state of solution, in con- 
kcqucnco of the separation of corbouic acid, or was a subai- 
lence from water, having been mechanically suBpendcd in it, 
n a very finely divided state, seems to be unqiictttipnable. 
The main inference then is, that so many varieties of rock aa 
oae inectioned may be formed by deposition and subsidence 
&om water ; the pure wUit« cr^fstalluae-like marble by depo- 
ition of carbonate of lime alone from a state of solution ; 
that like momitaia llzueatone, by u like depoetlUoa, with an ad- 
mixtare of a Uttle sediment of foreign matter ; and the tufa- 
like kind, or sandBtone, from a greater admixture of sediment, 
and that sediment composed partly of quartz sand, and partly 
of what X believe to be volcanic ashes. 

Now, as the calcareous depnsition and the other deposits 
U^ constantly increasing in this cavern, judging fi'ora what 
IB now to be witnessed, it reijuires no gi-eat stretch of the 
imagination to conceive a time, and that not very remotely 
diatant in the futui'e, when the tisniiui-e may he completely 
filled up, and its contents be like the contents of a vein, ac- 
cording to the old Wornerian hypothcsia; and which, if 
broken into and quatTied, may exhibit iiTeguIar beds of mar- 
ble in connection with rock having the character of mountain 
limestone, and other rock having the character of free- 
stone. In paHs of the island where excavations have been 
mode, or natural sections occur, phenomena of the kind are 
to be witnessed at present. The one seem to elucidate the 
other. 

As regards the materials entering into the composition of 
the rocks now forming in the cavern, it is not difficult to find 

I their source. It is unnecessary to point out whence the carr- 
botiatc of lime is derived ; the worn honey-comb appearance 
of the calcareous rocks on the higher grounds, at the surface 
exposed to the action of rain-water holding cai*bonic acid in 
solution, obviously explains it. The clay of the cavern is very 
like the finest portion of the surface soil; and, doubtless, 
has been washed out of the soil. The particles contained 
in the tufa-liko deposit resembling volcanic ashes, bavo also 





probably bcco washed oot of the soil, and ore a portion of tbs 
nhower which fell on the isJaad at the time of the last vol* 
cauic eruption which took place in St Vincent, and of wWct 
ft thin layer is often now to be Been a few inches below the 
fturfiKC, in spntH where the aoil haa nut since been disturbed. 
Of the manner in which the different varieties have formeJ, 
I shall not here speculate. Composition probably will be 
found to be the most important goremlng clrcumstauce ; and 
that one kind has the character of marble, because formed of 
pure carbonate of lime ; another, the character of tufa, be- 
cause composed of carbonate of lime, mixed with foreign mat- 
ter. Nor shall I speculate on the question whether the cry 
Htalline staliittites acquired their peculiar structure immedi- 
ately as they formed, or subsequently after the deposition of 
the material, in consequence of an internal molecular action 
and movement, favoui*ed with the presence of water. In al- 
luding to this lost, I would express the hope that it m»y hare 
the attention paid to it which it seems to iJeservo. 

In conclusion, I would remart, that as there are few, if any, 
objectit in this interesting; island mure deserving of beiog; 
Koeu by the casual visitor than '* Cole's Cave," if he has any 
curiosity in such scenes, it is easily gratified. A good car- 
riage roiid through a pleasant country will bring him to with- 
in a hundred yards of the month of the cavern ; and of a deep 
ravine contiguous, itself worthy of a \-ia:t. In an hour he may 
reach it from Bridgetown. He will have no ditliculty in find- 
ing a guide on the spot. If be intends to explore the re- 
cesses of the cavern, he should come provided with a change 
of clothes, and of alioea, and with two or three wa.^ candles. 
No lantern is necessary, as there is not any strong current of 
Rir below. And, however far he penetrate, he need have 
no apprehenaiou of sufi'ering from the state of the air, which, 
80 far I went^ and we were three hours in the cavern, wading 
and wandering, !i])pe:tred to be as pure and as respirable as 
the open atmosphere. This, I specially mention, because the 
Rev. M. Hughes, in his " Natural History of Barbadoes.^* 
published nearly a century ago, states in his account of an ex- 
pn)-sion he made to this cave, that " uear a quarter of a mile 
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im the enimnce waa hia ne plus ultra, being aa much fa- 
tigued, and wanting air sd mucli, that he durst not, witliout 
presumption, proceed any further." 1 have recommended 
w&x-Ughts, because tbe^' ai*e greatly prefentble to ]ight<ed 
bundles of dried, or partially dried, cane etalk«, which, when 
parties are formed for descending into the cave, ai*e often 
used to the great discomfort of the company, beating the 
otherwise cool air, and filling it, otherwise pure, with oppvea* 
uve and obscuring amoke. 



On the Kativea of Guiana. (With a Plate.) By Sir RonERT 
ScnOJifBURGK. Communicated to the Edinburgh New Phi- 
losophical Journal by the Ethnological Society of London.* 



So great is the similarity in ajipcai*ance of the abcn-igines 
of America, in provinces far removed from each other, and 
differing in climate and productione, that accurate observers 
have been stnick with the surprising resemblance in iigurd 
and aspect. Pedro de Cioca de Leon, who had an extensive 
knowledge of the American Indiana, wiites,— " The people, 
men and women, althongh they are divided into many na- 
tionH, inhabiting different climates, appear, nevertheless, like 
tlie childi'en of one family." 

Though the mhabltants of the northern, compared with 
the Bontliern i)arts of America, are tall and robust, a national 
resemblance may be easily traced, especially in women. In 
both men and women tbe head ia large in comparison with 
the body, and the trunk with the limbs. Thp hair, though 
occasionally of a red colour, is in general black, ati-aigbt, 
coarse, and of luxuriant growtb. The iris of the eye is black, 
the eyelash long, and the eyebrow finely arched and slender. 



Head before Ui« £lliaii>tagical Society of I/ondon, STth IVoveralJiir 1844, 
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Thus the Guianese. iriih the adv&nt^e of a fine proportioned 
£gure, may vie with the European. In some individuAlB aa 
obliquit)- of the eye is very apparent, the external cantbu» 
being raised towards the t«mple. The distance between the 
cyee ia perhaps a peculiarity which the AmeHcan shares with 
the Mongolian. The greatest difference of the Iwig to the 
short diameter of the osseous cavity of the eye is x%, and the 
least difference ^f of an inch. The nose is, generally gpeak- 
ing, prominent, long, and thick towards the nostrils, the 
openings being directed downwards, as in the Caucasian. 
The mouth is rather large, the lips protuberant, without ap- 
proaching the thrown-up lip of the African. The teeth, which 
are seldom good, are destroyed at an early age owing to the 
practice of chewing the cassada bread, for the purpose of 
making it into an intoxicating diiidt; and thus, without any 
farther examination, the skull of a native Guiana woman may 
be recognised. The pelvis is well covered, and apparently 
of a capacity equal to the Caucasian. The hand is small and 
alender. The inferior extremities are well proportioned. The 
foot is, if anything, somewhat broad compared with the Cau- 
casian, and in proportion to the difference, strength and soli- 
dity appear to be the result; for the Indian of Guiana, in 
walking, far surpasses the African, — children from six to 
eight years of age having been known to march sixteen miles 
in a day witliout complaining of fatigue. The skin of the 
female is of a soft texture, notwithstanding the pores are 
much larger than in the European. 

The South Americans are generally short, and differ in this 
respect from their brethren of the North. Indeed, the ave- 
rage height of the Indians I have seen, amounts to no more 
than five feet four inches ; the tallest was five feet eight and 
a quarter inches. Hcarno, the north polar traveller, saw 
among the Indians in Canada, individuals who measured six 
feet four inches, and the Muscogulges and Cherokees of North 
America are taller than Europeans, many being above six 
feet, and few imder five feet eight inches. In this particular 
the following measurements are interesting, — 
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neni, and not falling bock. Iii tbe Ohiqaitos the same cbi- 
focter is exaggerated, and tbe bead is nearly circular, whild 
in the MoxoR it is more oblong ; this last form is very nearly 
tbat of tbe Gyarani or Paraguay Indiana."* Dr Prichard also 
citea tbe observation by Br Moi'ton, * that tbe heads of tbe 
Caribs, as well of tbe Antillas as of Terra Firma, are natu- 
rally rounded.' "t 

" Tbe skulls of tbe Indians, which Sir Robert Scbomburgk 
bas done me tbe honour to submit to my examination, include 
ipecimeus of tbe Cainb, of continental South America, of the 
Taruma> the Wapisiana, tbe Arawaak, and the Macu&i In- 
dianif, all natives of Guiana, and bolon^ng to the Corlbee 
division of tlie groat BastHo-guaraui group of M. D'Orbigny'a 
classification of the South American Aborigines." 

•' Tbe tribe which still retains the name of ' Carib' in Guiana, 
has long ceased the practice of artificially flattening (lie head, 
which characterised the Caribs inhabiting the neighbouring 
Caribean Islands. Tbe skull of the individual of tbe con- 
tinental tribe, a female, is ovatc^ viewed from above: the 
twciput is not flattened as in the Peruvian and Calilbmian In- 
dians, but is moderately prominent, rounded, and rather nar- 
row. The forehead is narrow, and slopes with a gentle curve 
directly from the intcrorbital apace, which is more promi- 
nent than the superciliary ridges^ and has no medium verti- 
cal impression. The ala? of the sphofioid present a margin of 
half an inch in length to join tbe parietal. Tbe chcek-bonea 
and lower border of the orbit are moderately prominent; 
Tbe nasal bones are continued with a very slight deprossion 
from tbe interorbital prominence. The superior maxillary 
bones are slightly protruded. Tbe lower border of the malar 
process of the maxillary bone is slightly concave. The lower 
border of the orbit is a little more concave than the uppe!^ 
one : tbe spheno-orbital tissnre widely open anteriorly. The 
length of the skull is 6 j^ inches : its greatest breadth 5^ : ita 
height from tbe vertex to the lined margin of the foramen 
magnum 5 inches." 

*' Of the three skulls of tbe Taruma Indians, all of which are 
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female, two have rather more prominent foreheads than the 
Carib : id the third it curves backward in the Hamc degree 
<rom the interorbital promiut^nce ; the naaal bones iire broader 
and flatter; in other respects they closely agree with the Carib 
■kuU : one of them, a young female about 14, presents an ab- 
normal elevation of the upper and right side of the frontal 
bone." 

" The Wapisiana alrull presents the ovate form, but the ot- 
ciput is rather more prominent, and the prominent part more 
circumscribed : the interorbital space is slightly depressed, 
owing to the projection of the supraorbital ridgea : the fore- 
bead ia a little more convex than in the Carib ; but the gene- 
ral resemblance isi as close as that which usually obtainis be- 
tween Ibe skulls of two individuals of the some race. 

" The cranium of the Macusi Indian ia more oblong and el- 
lipsoid viewed from above : the forehead is broader, the parie- 
tal region narrower, or at least not broader than it is in the 
shorter crania of the Carib and Tanima tribes. The frontal 
Hinuses cause the Bupraorbital ridges to project beyond the 
interorbital space : the nasal bones are more prominent than 
in the Carib and Taruma Indiana ; the malar bones are eqnally 
prominent : the outer angle of the malar pi-ocess oF the inaxil- 
Uuy bones overhangs the concave line leading thence to tlie 
alveolar processes. The general character of the facial part 
of the skull resembles that of the Patagonian Indian ; but the 
prominent convex occiput, and general form of the ct>anium 
approaches nearer to the Carib form." 

" In one Macusi skull, the spheno-orbital fissure is A3 much 
dilated anteriorly as in the other Caribeans ; but in a second 
specimen, it was as narrow as in the Patagonian- The nasal 
bones are flatter in the second than in the first specimen of 
Macusi cranium." 

" All the Indian skolla manifest the same inferiority in the 
lU£e of the true molar teeth, as compared with the teeth of 
Negroes and Australians ; the incisors, canines, and premo- 
lars, or bicuspides, are not smaller than in the Black races." 
" Thfey all agrtee in the roundness or convexity of the occi- 
pital region, and differ in this respect, as well as in their more 
symmetrical figure, from the skulls of the Peruvian, Chilian, 
id Patagonian Indians." 




Although a difference in language ia not an ar^ment 
against the desceut from a common stock, where eimilarit; 
in form and structure exists, it may safely be concluded that 
tribea speaking allied lan^ages were earlier or later related. 
In the lanjfuag^e of the Northern and Southern Indians, the 
j^eatest uniformity prevails, which is particularly exemplifidd 
iu that of the AVapiaiana and Delaware, or Lenapc tribes. M. 
Du Ponceau has uulled attention to the compound words ia 
the North American languages, by which means they can be 
increased to any extent. The same remark may be applied 
to the Wapisiana language. The language of the Northern 
Indian is I'emarkably copious; so is tliat of the Waplstana. 
The words for brother and sister are manifold ; and their sig- 
nification shews whether the brother or sister is older or 
younger ibau the speaker, whetlier married, and in possession 
of one child or children. For every case in this respect the 
Wapisiana have a word, the abstract of which is brother or 
sister, but which points out the comparative age and domes- 
tic history of the individual spoken of. The adjective in the 
language of the European becomes a verb in that of the De- 
laware and Wapisiana, and passes through moods and tenses. 
The verbs to ftave and io be do not exist ; they are compound 
with the possession and existence of a thing, and expressed 
according as the noun ia animate or inanimate. An example 
of thiB peculiarity in the Cherokee language is recorded in 
the Massachusetts Historical Collection. Examples of the 
analogous, and frequently identical structure of the Delaware 
and Wapisiana languages might be proved point for point, 
according to the peculiarities which Du Ponceau, Pickering, 
and other philologists have remarked.* 

I now come to the question of origin. To guide the inquirer 
through the intricacies of this labyrinth, to give him a notion 
from whence came the nation of America, there is not a 



* Blumenliach, Priclmrd, and Morton, are of opinion^ thnl tb« Aborigtmn 
of IforUi and South Anierir-n hnvo deBC?ndi>d from a oommoD stock. Is the 
fkiltfaful portrait, rcmnrkB Humboldt, wMcli an exc«UeDt otwcrver, Mr Volaey, 
bu drawn of the Canada Indians, we iindiOtibUdly rcco^be the trlb«i icattarad 
vrar tbt mndows of th« KloBpore, nod the Coronl. 
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vestige of history, not a thread of tradition ; our knowledge 
on the subject depends wholly upon hypothetical reasoning. 

The opinions which at present have been promulgated with 
regard to ibis subject may be divided into three heads. 

I. They are indigenous, or coeval with the continent which 
they inhabit. 

TI. They are of Asiatic origin, and, emigrating from that 
continent, peopled first the South Sea Islands, and spread 
thence over the American continent. 

III. They anivecl acroBsBehring's Straits and the Aleutian 
Islands, and spread thence over the New World. 

It has been attempted to establish the hypothesis, that the 
first germs of the development of the human race in America 
caa be sought for nowhere but in the so-called New World. 
But ubIobb it can be proved, that the laws of nature are in 
direct violation of the Inspired record, which expressly says, 
that '* God has made of one blood all the nations of men to 
dwell on all the face of the earth," we must still appeal to 
that Holy Book for interpretation^ and reject the hypothesis. 

The Bible and profane history corroborate the narrative, 
that ancient Egypt and Hindo.stan wore invaded by a power- 
ful tribe who introduced their peculiar caatoma into the con- 
quered country, built temples and pyramids, and covered them 
with hieroglyphics. Hiatflrians hero allude to the Cushites, 
who, after having erected a splendid empire, were dispersed 
by the Almighty. They are traced chiefly by the ruius of 
their mural defences in a north-easterly direction to Pales- 
tine ; by the relics found in their tumuli, and their peculiar 
zodiacal signs, to the north of Siberia, where all further 
traces of them are lost. Similar tumuli, mural defences, hie- 
roglyphic inscriptions, astronomical divisions of time, and 
zodiacal signs, were used by the civilized aboriginal race of 
America ; and as the geographical position of Behiing's 
Straits and tlic Aleutian Islands admit the possibility of emi- 
gration from Asia to America, we are led to believe that tbe 
Toltecans and Aztecs arrived that way. They were, how- 
ever, expelled by succeeding hordes, and during the stniggle 
for occupancy, the earthen ramparts may have been con- 
atructed ; but the frequent attacks and the arrival of new 
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hordes reudered their destruction ineviiahle, if they ubeti- 
cately pcraisted in remaining ; they, thcpctoi*c, ubandoiied 
the country to the conquerura, emigrated southward, and be- 
came ultimately extinct The descendants of the latter savage 
tribes, the conquerors of tlie ancient Mexicans, constitute at 
^^csent the aboriginal inhabitants of Xortli and South Amc* 
rica ; tribes, whose language, though iliHflimilar, possess phi- 
lological afhniiiefi, and who are distinguished by the same 
predilections for a nomadic or I'oving and savage life, and axe 
given a]fko to war and to the chase. 

The Monguliau races of Kortbeni Asia possess a similar 
deposition ; but we may infer a still stronger aflinity between 
the Indians of North America and the nomadic tribes of 
Northern Asia, from anatomical coincidences. Indeed, Dr 
Prichard^ in alluding to the Mongolian races and tho NorUk 
AmericJin Indians, observes, " we do not find that any cleai'ly 
defined difference has been generally proved between the two 
classes of nations.'' 

The present American race, if we do not enter into spfr 
tJaltics, blended with the Mongolian to the north, spreads 
over the greater part of the New World ; and, however feeble 
their intellect may be, they surpass tlic more civilized, but 
now extinct, races of Mexico, in their full belief of the exist- 
ence of one Good Spirit and a future state. 

The religious belief of n nation ought to be kept stiictlf 
in view in tracing affinities and relationship. The absence 
of all idolatry among the aborigines has struck the inquirer 
as very remarkable. 

The numerous iiiatancea of strong resemblance in manners 
and customs of the Samoiedes and Yakutes in £rroan*s Rcis^ 
struck me aa very remarkable ; and 1 have no doubt that 
further investigation will lead to remarkable reaulta as to 
the origin of the Guiana Indians. 

The Samoiedes believe in the existence of a Supreme Boin^, 
the creator and preserver of all things ; but they offer him no 
worship, because they suppose that he takes no notice of them, 
and requires nothing of them. To another being, inferior to 
the Supreme, but yet very powerful, eternal and invisible, but 
iadined to evil, they ascribe all misfortunes. 
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They believe also in a future state, or that the soul wan- 
ders forth from tlic grave, in which they accordingly inter 
the clothes and the bows and aiTows of the deceased, in order 
that they may be ready for the use of their owner when he 
stands in nccil of them. 

If we substitute for tho word Sanioiodes, '* Ouiaua abori- 
gines," we have a statement of their religious belief. The 
^lacusia name their good spirit Makunainia, the evil one 
Immawari ; of the latter there are legions. The soul, wbiub 
leaves the body wtien man dies, ia called Teck^tong. 

The religious rites 4)f the Yakutea are similar to those of 
the Samoiedes ; both tribes have priests or Biuhus, who are 
reputed mediators between men and the gods, and connect 
magical ptirforiuanceB with their iiieaqtations. 

The Piatzaa or Piais of the Guiana Indians exercise simi- 
lar functions, and constitute a powerful priesthood. Tho 
Piatzna, when performing their auperstitiout* cust-omrt, nso 
rattles and bells ; others, chiefly the Caribs and Wapisianas, 
avail themselves of drums. A similar cuBtom prevails among 
the Yakutes and Samoiedes. There is another custom of 
the ancient Yakutes, which is followed by tlie WaiTaus and 
other Indian tribes in Guiana in a somewhat similar manner^ 
namely, the custom of burying alive or killing tho oldest ser- 
vants or favourites of a prince at hi.s funeral, which, however, 
il now abolished. At the funeral of one of their chieftains 
or principal men, the Warraus place tlic favourite hunting- 
dog of the deceased, alive, with his former master, into the 
grave ; or, as is now more frequently the case, the dog is 
killed and buried with him, 

When tlic Yakutes meet with a fine tree, they presently 
bang up all maimer of nick-nacks about it ; a custom which is 
followed generally by the Indians of Guiana. 

The pyramidal huts of the Indians in the interior of Guiana, 
chiefly the Macusis, Waiusianas, and Tarumas, are remark- 
able for their size, and the walls are aometimea made of clay, 
sometimes of bark of trees, covered with palm-leaves, which 
are rendered impervious to the rain, by clay being thrown 
upon them. 

In the winter the Yakutes inhabit jiuie or yourds, which 
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are pyramidiU huts made of boards^ oad covered with grue 
and mud. 

The icnta of the Samoledes are made of pieces of bark, 
oovercd with reindeer dkin, and are made of a pyramidal fbnn. 

The description which the author of the Neue Nackricfaten 
gives of the appearance of the Samoiedcs holds good in mao; 
reapccta. if compared with the Guiana Indians ; but notiiiD^ 
has struck me more forcibly' than the observation, that the 
females are often motlicrs iit the age of ten or twelve jcorS) 
and cease to bear children at thirty. 

The Indians of Guiana obtain their wives by purchase, or 
by a tliree or four years' labour, if they do not posacsa tha 
requircJ purchase-money. Earlycngagements,tl)erefore:,talte 
place, and the boy or young man is permitted to pay visits lo 
his intended in the interval till marriage takes place. 

Erman was told by an old Yakuti, that among the northern 
families of his tribe, who were not converted to Christiaoi^, 
polygamy was still prevailing, and that the men purchase 
their brides, for a sum of money which is called KoliUm ; but 
as frequently the family of the young man was not able to pay 
the whole sum at once, they were betrothed at an early period, 
to afford time to pay the sum by instalments, and during 
whicli period tho young man was permitted to visit his bride. 

Accurditig to Erman, tlie language of the Yakutes pr^ 
serves the inflection of adjectives through case and gender, 
a peculiarity which in wort-hy of consideration. This travel- 
ler's observations with regard to their national songs and mn- 
Bic, refer likewise to tlie Indians of Guiana ; their song con- 
sists only of a few notes, and the theme is constantly repeated 
in short phrases, innpired at the mument, orcatised by events 
knon'n to the singers. These songs arc plaintive, and more 
like a dirge than the effusion of a joj-ful spirit. 

The similarity in manners and customs between the Yaku- 
tes and Samoiedcs and the Indians of Guiana, cannot be called 
accidental coincidencea, and urgs us to inquire, whether ad- 
ditional confirmatory proofs can bo discovered of these tribea 
being of a common origin. 

But this similarity in manners, kc.^ does not refer solely to 
the Yakutes and Samoiedes ; it may be traced tbruugh all 
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those tribes with whicK the two Asiatic races are conDected. 
Ermaii relates some fcBtivities of the Chineso Mongoles, du- 
ring which he was present at Mai-ma-tshen, — bis description 
of their song and dance will equally apply to that practised 
by the Indians in the interior of Gaiana. 

Like many of the Indian tribes, and chiefly the Caribs, the 
inhabitants of Mai-ma-tsheu constantly change the / for r, and 
vice versOy in the pronunciation of words. But what most 
astonished me, was bis obsei-vation, that the Maadjua, who, 
form the higher classes of the Chinese subjects, wear a linoh 
made of a whitish rock, as a sign of the high caste to which 
they belonged ; and cylindrical piccen of white rock, more or 
less perforated, according to the descent of the individual, 
and executed by manual labour, are worn by the Indians at 
the banks of the Uaupes, in the province of Rio Negro, as a 
token of high birth and chieftainship. Their religion acknow- 
ledges a god of horses, of cows, &c. The Indians of Guiana 
do not call theee fancied spiritii gods, but masters or lords of 
the horses, cows, &c., and consider them to possess eternal life 
and supernatural powers. 

Notwithstanding the greatest similarity is traced in man- 
ners and customs, I confess I have not been able as yet to dis- 
oover any analogy, by coniparing the vocabularies of the north- 
em Asiatic languages with those of Gaiana. I do not de- 
spair yet, that, with more time and more resources at my hand, 
I may succeed in finding that similarity which is still req^uired 
to add the concluding link to the chain. 

It has not been proved as yet whence the languages of the 
Yalrates and Samoiedes originated; and may not one rather 
gxpect tliat a race like the ancestors of the Guianese, emigrat- 
ing to regions, under the sky of which nature exhibited her- 
self in such various forms, and where life and the means to 
sustain it obliged them to use different means, should, in the 
lapse of centuries, operate upon a, language which, not being 
written, depended upon oral delivery ] History informs ua 
of the rapidity with which tribes in adversity forget their lan- 
guage ; and the Holy Bible instances the Jews in captivity, 
who, in so short a period as seventy years, had forgotten the 
Hebrew language. 
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From Uieso goneral remarks^ I tarn to au eniuncratioo 
of the tribfH, ftnd some of the most striking chaEacteristics of 
the IiiUiuu!! who lahiibil Ihusc parts of Ouioua which 1 bars 
visited. 

It is difficult, if not imposaible, to form a close approiimftr 
tioD to truth in calculating tJie number of aljorigineB within 
the boundaries of Bnti»h Guiana. Our imperfect knowledge 
of the country and still more their wandering life increase 
this dilficulty. In 1840 I estimated the tribes who inhabit 
the British territory at seven thousand. 1 fear much that 
since that period they have materially decreased. Smallpox 
was introduced among the Mncuais, Wapisianas, and Atorufl 
in 1842, and has brought many to an untimely grave, so that 
I think scarcely six thousand are left, in a territory which 
compnses about 100,000 square miles. 

The different tribes who iuhabii Guiana consist of — 



Atoraia or Atorias. 

Tammas, 

M'oyavais. 

MaopityaoB. 

PianagfaottOi 

Dries- 



k 



Arawaaks. 

Warraus. 

Cnribs or Oaribisi. 

Accawais or Waccawaios- 

Macusis. 

ArecunHs. 

Wapisianas. 
The Arawaaks and Warraus live in tlieco,iBt regions, and 
their small settlemeutH extend scarcely one hundred miles 
inland. They number about three thousand. The Cartbs 
inhabit the lower Ma/aruni and Cuyuni. The settlements 
at the Guiduru have bt!on abandoned, and the population, 
once the lords of the soil, docs not at present exceed three 
hundred. 

The Accawais or "Waccawaios inhabit the upper Dcmorara, 
the Mazaruui, and Pataro. The two suhtribea, the Waicas 
and Soerikongs, inhabit> the former the regions between the 
river Cuyuiu and the Barima, the latter the tipper river Ma- 
xaruni, and imitcdly amount to six hundred. The Maeusis 
live in the open country or savannahs of the Kupununi Pa- 
rima, and (he mountain chains Packaraima and Cannku. 
Those who inhabit the British terntory amount probably 
twelve bundled ; the whole tribe is probably not less than 
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two tbousand fivo hundred. They are bounded to the north 
I by the Arccuiias, who dwell iu the moimtanious region» and 
BaTannahs at the springs of the rivers Caroni, Cuyuni, and 
Mazaruni. They are a powerful tribe, and in manners and 
language closely connected with the Macusis. This docs not, 
however, pixivcnt eiiinities and wars from breaking out among 
them, and the Arecunas are accused of being poisoners and 
night 0101x10' I'ers. The number inhabiting British Guiuna is 
perhaps five hundred. The Wnpisianas or Mauxininns are 
a tribe belonging t« tlie savannahs of the upper Rupununi 
and the banks of the Parimo. They biive been reduced by 
smallpox to four hundred. The Atorais are nearly extinct. 
The same refei*s to tho Dauris, a subtribe of the former ; and 
to the Amaripas. Of tlie latter, Miaha, an old woman of 
seventy or eighty years of age, whom I saw in 1843 in Watu 
Ticaba, was the last of her tribe. The Atorais and Dauris 
scarcely number one hxmdred individuals, uf whom only thirty- 
five or forty are pure Atoi-ais and Dauris. The Tarumas, four 
hundred strong, inhabit the tnbutaries of the upper Esse- 
qoibo. The Woyawaia, a race who live in the regions be- 
tween the sources of the Esaequibo and confluence of the 
Amazon, number about three hundred and fifty. 

The Maopityans, Mawackos or Frog Indians, are rapidly 
approaching extinction. They are now restricted to n single 
Betilemeut near the river Ciiphewin. Their whole number 
amounted in July 1843, to tbirty-uine individuals, viz., four- 
teen men, eleven women, eight buys, and six girla. They 
'were formerly divided into two small settlemeuts, but lat^ 
terly they liave united* and are now living in one great 
circular hut, eighty-aix feet in diameter, and of a propor- 
tiunuUj height, isolated from other Indians by tJiick forests 
and high mountains, their nearest neigbbum'S being the 
"Woyawais tu Uie south, and the Tarumas of the Kasequibo 
to the west^ The Wapisianaa call them Maopityan, from 
Mao,'* a frog, and *' Pityau," people or tribe, but they call 
I themselves Mawakwa. I have not been able, upon the most 
miuut« inquiries, to learn that the -flatness of head is the 
[result of artificial mcuna. The average height of the men is 
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five feet six inches, that of the women four feet ten mdi«. 
The bows of the Maopitynns ure lotija^er than those of tiie 
Macuain and WapiHianaa, being ^nerally from six feet tun 
inches to seven feet in length. The arrows are p(»inlt;il with 
bone, and when required, are poisoned -with ft prepar/iticm 
made from a plant. It is not stronj^, nor does it preserve its 
quality 90 long as the Macusi Uraii. Tliey arc a very in- 
genious people. Tlie combs which they nianufactare sre 
really benntifiil. The t«eth are made of haitl palmwood, 
and fastened into a piece of bone. At the distance of an 
incli and a half below this bone arc fixed two pieces of palm- 
wood, one on eacli side of the teoth, and the spncr between 
the two pieces and the bone is plaited with i-cd and wliiw 
cotton, which serres for ornament, and gives the teeth nfirm 
fixture. 

The Fianoghotto and Dries inhabit the upper Corentyne; 
but from the uncertainty of the boundaries of British Gaians, 
I cannot form on cstiiuate of the number which belong to the 
British territory ; therefore, not inclndinn; the thl^e lasi 
tribes, I estimate them at six thousand eight hundred and 
fifty. 

The Indian tribes of Guiana paint their faces and bodies 
with lines, somctimea straight, sometimes in imitation of the 
Etruscan or Grecian patterns. A few. and amonpr them tho 
WarrauB, Arawnaks, and Mncusis, slightly tatwj their faces. 
The tatooing generally consists of a few curved lines at the 
eornera of the mouth, and over the eyebrows, giving to the 
faces of the ftmales, among whom it is more custoinary than 
the men, a characteristic and not uninteresting expression. 

They wear glass beads about their arms, neck, and ankles, 
and when these cannot be procured, they substitute tlic toeth 
of monkeys, pecearis, and divers seeds or shcUs, The dress 
of the men is restricted to a piece of cloth covering the loins, 
and of tho women to a small apron formed of glass beads. 
When they are able tfl procure a kind of blue cotton clotli, 
which in the colony is called salempor, they ^ve it the pre- 
ference to their own manufacture, although inferior in dura< 
bility. The way in which the cloth is worn, or a diiference 
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in its Bizc> in a gvoat mcastirc designates the tribe. The 
Kirishanas. G^.wakiiH, and some of the MnionUongs, diBpeusQ 
witli all clothes, and puint their bodies black and red with 
pigment. 

The form of hut is someilmes character istic of the tribe ; 
and while the hut of the Wnn-au, Arawaak, and Carib is a 
mere shed, that of the Mnciisi and Wapisiana is frequently 
built of mud, surmounted by a. roof of a pointed form, of al- 
most eastern character. These roofs are neatly thatched 
with palm-leaves ; and whatever may be the form of tlio bouBe, 
this substance is generally used. The inner structure ia 
simple, and answers all the purposes for which it is intended. 
The absence of nails and bolts is replaced by lianas or witbes. 
The hut of the Wapisiana is dome-shaped, and displays 
oousidei-able iirchitectural skill. These houaea, for the most 
part, have only a gi-ound Hoor ; I noticed, however, among 
the Caribs, huts having one story, the communication being 
effected by a ladder on the outStide. 

Seveml families will occupy a single hut, which is in no 
way partitioned off. In every village there is a house exelu- 
aiyely^ detlicated to the reception of strangers. It is usually 
situatcil in the midst of the community, and ia furnished 
and pi*ovisioued by the chieftain and his family. This house 
IB called Tapoi by the Macusis and Wapisianas. 

The CEwtikuB and Kirishanas on the rivers Parima and 
Orinoco, and the Miu*a8 on the Amazon, have no fixed habi- 
tations. Like the gipsies, tlicy bold little intercourse mth 
foreigners, wander from place to place, and builil a tempo- 
rary shed. No girdle surrounds their loins, no perizoma 
bides their nakedness. 

Although the same hut may be occupied by more families 
tJion one, there is no community of utensils. These, as may 
be presumed, are very simple, consisting of many Borts of 
earthenware vessels of different shapes and sizes, resembling 
in form the Etniacan vases. Tlie women principally fabri- 
cate the pottery, and mould with the band the largest vases, 
containing from twenty-five to thirty gallons. These ar© 
frequently ornamented with Greek and arabesque designs. 
A fe^v low stools carved out of a solid piece of wood, and re- 
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Bombling the wooden pillowB or head atooiR of the EgyptiaitH, 
*he netossary utensils i'or tlie prcparRtion of the cnssRda 
bivad, and the implemenl* of the chaise nnd of war, fijrru the 
faruiture of tho hut. Tho inmatoa usaatly sit on their stools, 
or rest in their liammoekii. Each tribe has its own hunting 
ground, and each fumily its own plantatiouK, which, aftar the 
trees have been felled by the husband and grown-up sons, 
are cuUivat4Ml by the women. 

Members of the Hame ti'ibe frequently form Bmall villages 
of from bLx to ten houses ; over which communities a chief- 
tun presides^ called in the Carib language Yuputoriknng, 
and in the Maeusi Toyeputori, whose authority is only twj- 
knowlodgcd to its full extent during feuds and wars. Uia 
power and influence depend upon hi» personal snporiority io 
strength and enterprise. The hereditary dignity is derived 
from the mother ; but it is rendered easy for any one who 
has talent and courage to assume the command on the deatb 
of hia predeee»»ur, without the advantage of relationship, and 
bis authority is more frequently retained by his undisputed 
snperiority than by any formal electjon. 

It is customary among Bome nations, before a child Ik horn, 
for its parents to subject themselves to a rigid fasting. The 
day after its birth it is earned into the air without a cover- 
ing on its head, or, as among the Maeusis, the head is daubed 
oi^'er with araotte or rucu. Their heads are generally more 
covei-ed with hair than those of European children, and they 
learn to speali and to walk at on earlier period. They are 
fre^jueutiy nursed uutil they ai'e five or six years of age. At 
the birth of the child the husband reeeives the congratula- 
tions of his friends, and the women of the village arc atten- 
tive to tlie wants of the mother, who is restorvd in a few days 
to her wonted strength and occupation. Twins are seldom 
bom to them ; but I have nowhere found any reason to sup- 
pose that one is always desti'oyed. As a direct contradic- 
tion to this assertion, I have seen the Carib and Maeusi 
mother with twius in her arms. The child ia named by the 
piairaan, piatsnng, pochc, or conjuror, who receives an offer- 
ing of considerable value, and the strengUi of the incanta- 
tions, which he pronounces ou that occasion In a doi-k hut, 
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corresponds with that of the fee. An Indian who has been 
named is supposed to be less subject to disease and misfor- 
tone. The appellations are generally patronymic. The 
borings of the lips, ears, and septum of the nose, take place 
at an early age, and are kept open by pieces of wood. The 
parents are exceedingly affectionate to their children, and, 
with one or two exceptions, I have never seen them adminis- 
ter personal correction ; they will bear any inconvenience, or 
even insult, rather than inflict punishment. 

The first delight of the boy is a bow and arrow. His little 
band grasps the light bow, and with the greatest self-satis- 
iaction and infantine prowess depicted on his face, he tries 
bis skill, and takes small lizards and locusts as his mark. 
The girl assists her mother in the preparation of bread, of 
the favourite drink, or, by means of a primitive spindle, of 
thread from the indigenous cotton, for tlie manufacture of the 
hammock. They accompany their mothers to the pi-ovision 
£elds, and help to cultivate the ground, and are accustomed 
at an early age to carry the heavy cassada roots to their 
homes. These wild children of tlie forest and savannahs are 
modest, and, without being tutored by their mothers, are re- 
served towards strangers. 

I have not observed many games among the children, but 
wrestling is frequently practised, and a kind of tennis, fw 
which purpose they use balls made of indigenous caoutchouc, 
or the ears of maize or Indian corn. Wlien the boys verge 
into manhood, they have to subject themselves to severe la- 
cerations on their breasts, made with the teeth of the wild 
hog, or the beak of the toucan. There are several other cere- 
monies which appear symbolical of courage, fearlessness, and 
endurance of pain, such as being put into a bag where there 
are stinging ants ; and if they endin*e these without shriek- 
ing, they are accepted as the companions of men. AVhen a 
Warrau girl arrives at womanhood, she is merely deprived 
of her long hair ; but the young Mauhe, Mundrucu, and Mura 
women, at the Rio Negro and Amazon, at this interesting 
period have to undei'go a most severe trial. Their ham- 
mocks are slung under the roof of the hut, where tlicy are 
exposed to incessant smoke, besides being subjected to strict 
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fasting. Tbort' arc mauy irislanccs wbcre tlicy hare paiil far] 
the ordeal with their lives. 7'he Arawaaks and Warruusj 
celebrate tliis period with a feast and dance, at which the 
youug girl appears, omiunen ted with beadfs and Uie white | 
down of bii'ds, the latter of which, by means of a gumfflj \ 
8t)h!<tAnce, is fixed to her head, shoulders, and lo^s. 

Marriage is not accompanied by any religioue rite. At* 
thongh it is customary to hold a courtship, the parents not 
unfrequently an'aiige mattcra for their children in their in- 
fancy ; in which case, the young man is bound to assist the 
family of hia wife till ahe arrives at womanhood. In the in- 
termediate time, ho is very i>articular in his attention to her, 
presAuts her with beads, and brings her the best of what he 
haa been able to procure at the chase. At the time of oii> 
riagOf he leads her where be pleaseti, and establishes hut 
own household. 

When the marriage takes place, the husband clears a suf- 
ficient space uf ground for raising provisions. WHien cleared,! 
it is made over to tbe care of the woman, who, from thab] 
time, has tho whole management of it. 

The generality of husbands have only one wife, but poly-j 
gamy is allowed and practised by all those who poaseRs the] 
means. I recollect an Arawaak chief in the river Berblccv 
who had five, the youngest of whom was a handsome girl oC 
only tliirteen years of age. The first generally pretends to] 
BU()eriority iu domestic afl'aii-s over tlie rest; but it is fre-I 
qnently necessary for the husband to exercise his uulhorityj 
in order to restore tranquillity in his hai-em. 

On the husband's return from hunting or fishings his wife] 
^Hrepares his meal, which usually consists of Sesh or game; 
the latter is frequently boiled iu the blood of Uie oulmal, and : 
well seasoned with capsicums or cayenne pepper. Tho malo ' 
part of the family all ejit together, and, if the weather per- 
mit^ before tbe door, in the open air. Squatted on the^ 
ground, the Indian dips his cassa^la bread into the i>ot which 
contains the food, and helps himself with his fingers to that, 
piece of meat for which he has the greatest fency. Their i 
meals last but a short time, and every one rises as soon aa 
he has done. The females do not eat with the men. but wait i 
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till tliey have finished. It frequrntly bappena, however, timt 
a favourite dish is put usido by them for a period of iindis- 
turbed enjoyment. 

The hog, cow, and fish of large size, are forbidden food. 
The Caribs arc very particular in this respect. The delicious 
fish, the Sudis y^igJis, or piranicu, one of the larjcost which 
Bwini» iu fresh water, and which abounds in tiie Rupununi, 
and different species of Siluridro, are considered unclean by 
the jSIacusis and Cariba. In tlieir native woods and savan- 
uahs, whei*c they arc not degenerated through iuiercourtie 
with Europeans, tlie meat of the domestic hog is held in hoi*- 
ror< I could never induce Irui, u Carib chieftain, who wau 
otherwise a sensible man, to taste the smallest slice of ham. 
The hei-ds of wild cattle on the savannahs of Itupununi and 
Rio Rranco, are unmolested by the Macusi Indians who in- 
habit these regions, as the flesh is considered unclean. They, 
however, eat their iiutivL* hoga, the peecari and cjiiruni. The 
casaada aObrds their chief austcDautic. The root of tluH 
plant (Janiplia mauihot), which, in its natural state, is so 
poisonous is, by a simple prm^esa, converted into nutritious 
food. After it has been washed and scraped, it is gi*ated and 
pressed into an elastic tube, which is called a matappi, and 
has been made of the plaited stems of a calatbea. The tube 
being filled, its upper end is tied to one of the beams iu tho 
but, so that its opposite end, which possesses a loop hole, 
remains a few- feet from the ground ; a long pole is ]mshcd 
tbrtmgh the loop-hule, the shorter end of which Is tixe<], while 
tho longer being |ire8sed down, serves as a poweiful lever, 
and the elasticity of the tube presses the grated casaada foi"- 
ciblytogether,andthepoisotionsjuice escapes through the in- 
terstices of the plaits. The mass, deprived of its juice, is then 
gradually dried, and, if required, some of the flour, after it 
has been sifted, i^ put upon a pan over a fire, aiid in a few 
minutes a cake^ reHcmbllng an oatmeal cake in appeai-ancc, 
is ready. Violent aa the poisonous juice of the cassada root 
proves to he, its narcotic principle is so volatile, that it 
escapes by being exposed to fire ; the Indian forms, there- 
fore, a sauce of the juice, which resembles ketchup or soy. 
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Yams, bananas, and Indian coi*n, form the other articles of 
food whici» they cultivate in their tields. They are partlcu- 
lai'ly fond of tlic half-ripe carR of the Indian com, which tlip}' 
parch ; this custom equally prevails in Egypt, In the morn- 
ing the women rise first., and, aft«r havinir takrn the cuatom- 
ary bath, they prepare their husband's breakfast. The In- 
dian eata little at one time, but he eatii often \ the general 
hours are sunrise, ten, noou,.t!ii'ce, and 8un»ei. The cliirf 
meals arc breakfast nod supper. 

Tlie Indians prepare different beverages of divers froila 
and Indian com ; but the favourite drink is patwori, which KB 
prepared from cassada bread. The bread is for that purpow 
made thicker, and is cai'boni2cd on its surface ; it ia Uicn 
broken into pieces, and, after boiling water has been poured 
over it, the women begin to turn it about with their handii' 
the large lumps being taken out and chewed, and then put 
into the pot again. This process, they say, incroases titf 
fermentation of the decoction, and rendex-s it intoxicating- 
Cassiri, which is a fermented liquor from the sweet poUt« 
or yam, is made in a similar way. 

The pi'eparation of this beverage for a drinking feast will 
occupy the women several days. A large trough, in the form 
of a canoe, is an indispcnBable piece of furniture in a chicf^a 
bat. Although it may contain from a hundred to a hundred 
and twenty gallons, I have seen it emptied in the course o£ 
the day by forty or fifty individuals. 

The scenes incident to a feast of tliis description do nofc 
present much variety. Tlic invitations having been given 
several days befoiv, the young men of tlte village fi'om whenc 
the invitation emanated, repair the preceding night to the 
neighbuuriiig settlements to repeat the summons. The guests 
asftemblc the next day, tlieir faces and fignrcs being much 
paiut<cd and decorated with feathers, necklaces of monkey 
and peceari teeth, and seeds. The dancers arrange tUem- 
Bclves round the tiT>ugh which contains the intoxicating, 
drink. >vith their hodies bent forwards ; tbe one who follows 
the leader has a calabash in Uis right hand, and in the left a 
maruca or rattle; the others seize upon any object whieU 
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falU first in their way, the men a war-club, a gun, or a 
cutlass ; the females, a baby, a puppy^ or a monkey ; and, 
with eyes bent to the gi-ouiid, the duuce commouces, the 
measui-e of which is in triple time. It is accompiinied by a 
monoionona song*, which is strongly marked l>y stamping 
with the foot, or knot-king the ground with a hollow cylunler 
of bamboo, surrounded with the seed vessels of a spceicd of 
cerbera, which make a rattling noise. Tlio woi*da of the 
dancers, which ai'O extemporaneous, are fru<iuently repeated. 
They continno moving i-onnd and round, first one way and 
then the other, or tliey follow each other in single file. After 
this measured dance, which is intended to keep awiiy evil 
spirits, tlie leader of the column appi-oat-bes the trough of 
paiwori, and, taking the calabash fi-oni the band of bis neigh- 
bour, dips it gravely into the trough, Jind talces a sip; tliis 
is announectl by the recomiiioncujncnt of the sfuj:;-, nud the 
rattling of tlie maraca. The calabash is then pi*esente<i 
lo the others, who help themselves at pleasure. Several 
other dances follow, which are monotonous in song and move- 
ment. 

Tlie paiwori resembles in taste our malt liquor, and when 
Ukcn in large quantities is inttixicaiing ; it has not, how- 
ever, the injurious effects of spiritoua liquors, but the scenes 
which accompany such a drinking bout beggar all descrip- 
tion. Unpalatable as this beverage must prove to a Euro- 
pean, when presented to him as a pledge by his liu^i it is 
necessary that he should drink it; the contrai'y would oflbnd 
the Indian and awaken disti'ust. 

Dancing appears to be a practice which belongs as much 
to the civilized nations of the world, as to those whom we 
have termed savages; and all the Indian tribes whom I have 
had the opportunity of becoming acquainted with, delight in 
this amusement. 

They possess several instruments, elMcfly flutes, made upon 
primitive principles, some of reeds or bamboo, others of the 
thigh bones of animals. The Warrau Indians have, in large 
Bettlemttnts, tlie band-master or hohohit, whose duty it is tu 
train his pupils to blow npon flutes made of i"ceds and bam- 
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boo, in which a Bmall reed, on the principle of the cluioDet, 
is inlruilucLil, and, accordiitg to thu aizc of the opening, il 
causes a liighor or deeper souDd, and thU is in Kome iustaucM 
powerfully increased hy a hollow hamboo, often five feet long, 
which is called wauawulli. These inide muBiciantt are taught, 
accoi*ding as tlieu- band-master makes a sign, to fall in wiUi 
their instruments, and thus pn>dace an effect similar to Ute 
Kussinii hoiti-bands. The effect, chiefly at a tdiurt distano!, 
resembles strikingly that peculiar mnaic of Uic Russians, &tid 
tiie favourite melody of the Warraus has something musical 
iu its composition sm'[>asBing all others. 

The quamnh is u hollow flute of bamboo, of peculiar con- 
struction, and mostly in use among the Caribs. The Caiili 
soundfl it as he approuches bis home in token of his arrival; 
and, as in the silimt woods, or amonf^ the mountains, it i> 
heard at a considerable distance, prepai-ations for his recep- 
tion are immeiliately mode. The music is pe<!uliar, and, 
probably descended for ages, is characteristic of that wild- 
nesa which has rendered the Carib so foruiidable. (Flato IV. 
fig. 1.) 

The Macusi Indians amuse themselves for hours, singing 
a monotonous song, the words of which, Uai-a, hai-ii, have 
no farther signiHcation. 1 add n copy, in I'lato I\'. fig. 2, of 
tliis musical morcenu, which is quite " sui generis." 

The Indians arc not without poetical feeling. Irai, ihe 
cliicflain of the Caribs, before he was converted, lost hia child 
in 1835 at the Kupununi. I became about this time ac- 
quainted with bini, niid ns we sojourned for some weeks at 
his settleuicut, 1 bc;u'd him generally siugiiig words iu a 
melancholy strain. I asked him the signilication, and he 
told me ho bewailed his child. The wonls weru addressed 
to the child in the grave : — 

" Come, dear child, to me. Comeont a little ; let us speak 
together. Why do you not speak to-day? I hear the flute of 
Donkaba "Waehra. It is your uncle's flute which sounds; 
come out a little before your undo comes.'* 

The stiHjpho mid autistrophe were frequently repeated. 

The Arecuuas, who live in tlie neighbourhood of the ro- 
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xnarkable aandKtone lUonntoiinB, Koraima, always more or less 
i\Tapped in clouds, arng', " Of Roraima, the red-rocked. I sing, 
where with day-break nigbt still prevails." 

Generally speaking, the voices of tlie Indians are mellow, 
bat not strong ; and I have heard it repeatedly remarked from 
«uch as are able to form a judgment, that the hymns which 
they beard sung by tho converted Indians, at tbe IVotestant 
mission at £artika Grove, siu-passed in sweetness any con- 
gregation thpy had heard in the civilized part of tbe colony. 

'J-'hc funeral ceremonies of the Indians of Guiana diil'er ia 
Bome respects according to tbe tribe to whieli the deceased 
belonged. If a man of consequence dies among tbe War- 
rauB, he is pat into a canoe in lieu of a coffin, and all which 
he possessed when alive, such as bows, arrows, clothes, 
and beads, ai*e buried with him ; over his heart they place a 
looking-glass. They frequently kill the favourite dog of the 
deceased, and put it with him into the grave. IIo is buried 
in tlie house which he inhabited, and a fii-e is kept burning 
on the spot for many night:!. His relations assemble to be- 
wail liis loss with excessive and outrageous lamentations ; 
and this is renewed nt different times, and continues for many 
mouths. The widow and children of tho Warrau become 
the pi-operty of his brother ur next male rulation. However, 
Ghould the widow refuse him, tlie incensed relations frequent- 
ly satisfy tbemaelvcK by subjecting her t^> a violent whipping, 
after wJiich she may livo with whom she pleases. 

If the individual be an influential man the hut Is burnt 
down, sometimes tho whole village. The M;icut?is follow 
tho custom of the Warraus in bui'ying the property of the 
dead. His dog is buded alive, not only to assist him in 
hunting in the other world, but likewise to watch over his 
body. The Atorais are, as far as 1 urn aware, the only na- 
tion who put the deml body upon a heap of wood, and burn it. 
The ceremonies of the Arawaaks are similar. Upon tho 
demise of a man of some standing, tbe relations plant a pro- 
Tision field with cnasada roots, and bewail biui with sudden 
outbursts of lamentation. After the period of twelve moons, 
the relations and friends of the deceased are called together. 
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tind \X\e cns^ida wbiuli was planted at tlic lime of his dc&th 
bciiig now ripe, the gwest?* are feasted with paiwori and 
game A dance i» performed o%-er hin grave, and tiic dancers 
flog each other mth whips prepared for that purpuse, whitit 
they hong up in the hut of the deceased when the ceremony 
is over. Ahoui six moons later another daiiec follows, wbcn 
these whips are buried, and with them the remembrance of 
the dead, as well as any resentment which may have been 
ftdt in consefjucnce of tlie severe flogging which has been in- 
flicted upon each other. 

The Caribs put the body into a hummock, where it is daily 
washed by tJie wives or nearest female relatives, and watch- 
ed, that it be not molested by bcosta of prey or insects. 
After it has become putrid, the bones are cleansed, painted, 
and put into a pacal or bosket, and carofnlly preserved. If 
th(!!i>acli<'tidon this settlemeut, the bones are euniiuraed with 
lirSomoi the ashes collected and taken with them. Tlie 
w<jiuen who cleanse the bones are considered unclean for 
several moons. 

The. Indians undoubtedly possess some religious pnneiple, 
and believe in the immortjility of the souL They acknow- 
ledge the existence of a Superior Ueing ; but say, tliat tJie 
urgent bnsiness of keeping the world in order prevents him 
from paying that attention to man which he would wish, and 
numerous evil spirits oi-o thus pcnnittcd to exercise a pemi- 
dous influence, thereby causing sickness and death. With 
a view to counteract this influence, recourse is had to the 
Borcerer, piaiman, or piatrii, who, by incantations or magical 
ceremonies, pretends to restore health, or to turn the evil 
fi'om such of his dupes who pay him well for his supernatu- 
ral agency. It is thei-ofoi-e evident, that this individual 
oxei-oises Uie gi'catest power over the comnmnityt and is re- 
garded with awe and respect. 
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On the Limits of the Afmosj>fiere, atid on Oompemntion Pen- 
duluma. By Heniiy MkikIiB, Eaq. Communicated liy the 
Author. 



1. On the Limitg of the /4/wo.«/) Acre— Various nttompis 
hare at (Ufferent. times beeu made to prove tliiit the atmo- 
Hpherc of the earth is not only fiuite, hut of comparatively 
amall extent ; and there are some methods of reasoning which 
have been long regarded aa tjiiito eoncluKive, in asaigniug 
limits beyond which the atmosphere could not possibly ex- 
tend. None of the»e, however, though they afford eonsider- 
ftWe probability, can be said completely to demonstrate the 
thing. But without at all meaning to contend for tlm inde- 
finite extent of the atmosphere, I shall briefly stat'* lomo 

doubts regarding one or two of the most usnal modea ** ''v 

•. ,• -1 he mc 

signing its iimira. — , 

As to any evidence which the refraction may be snppr 3d 
to afford, I need only observe that sm-h an idea, in a great 
measure, assume!? the thing to be pi-ovcd. It assumes that 
a limit exists, and thence infera where the limit i«. For, did 
the density of tlic air decrease till at a certain disinnce, and 
then become uniform, the refraction could at best point out 
whore the uniform density commences ; because the refrac- 
tion would have notliiiig to do with the air, which was imi- 
form. 

Neither does any proof, denved from the centrifugal fore© 
of the rotation of the atmosphere, seem more to the purpose ; 
because it depends entirety on the assumption that the earth 
and its atmosphere revolve together in one rig^dmasa iu the 
space of a sidereal day : whereas, there is reason to think 
that the higher ports of the atmo9])here, esjieclally about the 
equator, revolve more slowly than the lower, or than the 
earth's sm-face does. For if, aa is generally admitted, the 
principal motions of the air between the ti'opica, arc from the 
Bouth-oast and north-east towards the equator, where they 
unite in one current whose j art idea move both westward and 
upward, the case will be very tlifiercnt; because the angular 
motion of such particles roimd the earth's centre, or com* 



parod witJi the eai*th"s motion of potrttiou, would C(>nlinnall> 
ilecninAe ; auil tberffoi-e lliuir ct-ntrifugal forx'e, iiitdcai] of 

Ein<;rcasing with their dUtancc fi*om the earth's eentre, mast, 
on account- of the westward motion over the earth's Burfaco, 
decrease HomL-thiiii^ like tJic centrifuirnl force of a comet while 
receding from the sun. Indeed, if it observed the same law 
in re»pect of the earth aa tlie centrifugal force of a comet dws 
in respect of the sun, it eould never become equal to lie 
attraction of the earth — being at first less, and always d&- 
creaaing in the same ratio aa that attraction doea. But, with- 
out pretending to assign the precise law of such decrease, or 
of that of the centrifugal force of a cnn-ent of air which pro- 
bably Roon flpreads again towards the poles in tho upper re- 
gions, enough of it has just been noticed to »>et aside any 
^H proof of a limit to the atmosphere, deduced either fi^m the 
^H refraeliun or the ceutnfugal force. 

^H ^mejplausiblc argmnenta of a very diCTercut kind were 
^^adTanced in the Philosuphical Transactions for 1822, by the 
1^^ late distinguished Di- Wolluatiin, to assign a limit ; but these 
^■it will be unnecessary to discuss here, because they have been 
^^ completely disposed of by Dr Wilson, in tiio Transactions of 
the Royal Society of Edinbui'gh, vol. xvi., p. 7J). 

As to any solid shell which the late eminent mathcmattcian, 
M. Poisson, and others, have imagined to be frozen upon the 
^^ top of the atmosphere, and which is seriously referred to as 
^f a reality, in various publications, it could scarcely fail to be 
perceptible by its refracting and reflecting tlm rays of light; 
if, indeed, the dust wliich had been collecting on it for thou- 
I siinda of years, would allow any light to reach us. None of 
^fttbo other planets shew the least appearance of being enclosed 
^^in any such shell. Nor would it better consist with the free mo- 
^^ tion of tWroliths and meteorites ; some of which are believed 
^Kto come from very remote regions, and could hardly be ex- 
^Bpectcd to treat such tender ware with sufficient delicacy. 

2. On Competiftalion Pendulums. — At the Manchester meet- 
ing of the British Association, the late lamented Professor 
Bessel brought forward some speculations regarding pendu- 
lams, and cjilled attention to cei*taili cu'cimiBtanocs which ho 





Ml' H. Mciklc on Compettjtafion Pendulums. 



thought had till then been overlooketl. As, for iustanco, the 
defects of vaiioup compensations arising from the different 
parts of a pcndulmn not being all at the same temperature, 
and, in particuUir, the imperfections of tlic mci-curial pendu- 
lum on this account. But whoever tvill take the trouble of 
looking into the article Pondulum of the EncyclopaDdia IJritan- 
nicR, will find that such ideas are by no means su new ; be- 
cause 1 had there pointed out the same things, and they wore 
published more than four years l>efore the illustrious astro- 
nomer of Konigsberg took up the subject. 

There is, however, I suspect, another defect in the mercu- 
rial pendulum ; and which, so far as I am aware, has not yet 
been attended to. The performance of that pendulum is al- 
ways assumed ixt be exactly the same as if the niereury In it 
were a perfectly rigid mass. But, since mercury is allowed 
to be one of the innat perfect of fluids, thei*c can be no doubt, 
iliat, when the pendulum is in motion, the suri'uce of the mer- 
cm-y, which is of considerable extent, mnst bo in a stJite of 
perpetual undulation. The precise amount and ufTeet of this, 
it will be no easy matter to determine ; but there Ls reason 
to think that it must tend to retard the pendulum, and to 
add to the inequality of the times of tlie greater and less vi- 
brations. One way of nearly obviating it would be to use a 
less mass of mercury, and put it in a bottle with a narrow 
neck, the upper sui-fiu-e nf the mercury being halfway up 
the neck. 13ut this would not necessarily do anything towards 
giving the same temperature to the whole pendulum rod, or 
the mean temperature to the compensation, unless the centre 
of grjivity of the mass of mercury were near the middle of 
the rod. In that form, however, the mercury could not con- 
veniently serve as the principal mass of the pendulum. 



Analysis of the American Mineral Netnalite, I3y ARTnan 
CONKEI.L, Esq., F.R.S j;.. Professor of Cberaistry, Univer- 
sity of St Audi*cws. Communicated by the Autlior. 

This mineral bears a striking rcscnddance to asbesfus, so 
that by the eye it can hardly be distinguished from it. It 
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was 6rftt dieinlcally examined by Mr Xuttnl, wlio nscertaiQ- 
ed Uiat it diffcfs entiivly in constitutiou from nsbestus ; nn3 
concluded from hh cxjterinients-that it consists cssentiall)*of 
magnesia and water, with a little oxide of iron and lime. H 
was Bubwquently examined by Dr Thomson, nccoi-dinif to 
whom, it also contains 12^ per cent, of silica. Tlie consH* 
tucnts the latter found to be : — 




IVIaf^caia, 


51*721 


Silica, . . . 


13-563 


Veroxidc of Iron, 


5-874 


Water, . 


29-666 



9i>B29» 
Having lately obtained Rmall specimenH of this mtncnd 
from tlie locality of Hoboken, in America, 1 Buhjectcd tlmra 
to analysis, and obtained a result differing in some respect* 
from botli the previous. 

Tlie specimens examined by me had the ordinary external 
characters of nemalite, consisting of adhering tibi*cs of a 
fine silky lustre, aud white colour, with a shade of yellow anJ 
partial slight blue or gi-ecn Ungc. T-Ticir matrix waa sci"^ 
pentine, and in the analysis, any adhering particles of the 
matrix were carefully removed. According to Mr Nutiat 
and Br Thomson, tlie mineral is soluble in acids, mtliout 
efTorvcscencc, at least in its fresh 8tate. Bui on very care- 
ful cxaminnfion of what appeared to be perfectly fresh por- 
tions of my specimens, there was sensible cffervogcence on 
solution in acids, ami this was stilt more manifest when the 
experiment was performed in a tube, and a lens employed in 
the observation. It appears to me, therefore, that carbonic 
acid, altliougl) in much smaller quantity than in the native 
carbonate of magnesia, is a constituent of the uuneral, at 
least of those specimens of it which I have obtained. Of 
silica I found only a minute proportion, the mineral being 
soluble in acids, with only on insignificant residue, particu- 
larly when the acid is left some time on it. Mr Xuttal states 
that it is soluble without any residue. The solution, when 
made in a close tube, shewed protoxide of iron, with red prua- 
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siatc of potash. By ignition, the mineral assumed a light 
brownish cast. 

As the quantity of mineral in my possession was smallj I 
could only employ siuull portions in the analysis. 

To ascertain the amount of the water, 751 grains of the 
mineral were introduced into a weighed tube of Geraian 
glasB) closed at one cud. It waa then twice bent, and a 
quantity of fused chloride of calcium introduced into it, the 
weight of which waa ascertainpd. The open end was then 
drawn off, so as to Itave a capillary termination, and the 
closed end strongly if^ited, for a quarter of an hour, over a 
powerful spirit-lamp, with a double draft. The tube was 
iheu cut asunder, between the mineral and the collected 
water, and all the apertures immediately closed with pieces 
of lute. IJy the necessary weighing.s, the loss of weight of 
the mineral, and the weight of the collected water, were as- 
certained. The water collected amounted to 27"96 per cent-, 
and the loss of the uiiiicral to 32-62 per cent., the diiTereuce 
being carbonic acid. This would only have given 4-06 per 
cent, of carbonic acid ; but the following experiments shewed 
that the heat had not been suflicient nor long enuugli con- 
tinued to drive off all the carbonic acid. 

Five grains of the mineral were treated with diluted muri- 
atie acid in a little bottle having a tube containing chloride 
of calcium connected with it, to retaiu moisture. The loas of 
weight, from escaping carbonic acid, was ten per cent. 

2-43 grains of the mineral were ignited during an hour in 
a small open platimim crucible. The loss of weight was 39-27 
per cent. The ignition waa continued for a quarter of an 
hour longer, but no farther loss of weight ensued. This 
result shews, that the estimate of 2796 per cent, of water, 
and ten per cent, of carbonic acid, is not far from the truth. 
If the carbonic acid were computed as the difference between 
the quantity of \vater and the total loss by ignition, it would 
amount to 11-31 per cent. 

To ascertain the proportions of the other constituents, the 
before-mentioned solution of five grains of the mineral was 
employed. Ammonia threw down a precipitate Avhich, by 
solution in acid, left 003 of silica, in which was included 
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all that the acid nscd in dissolving the mineral, had left 
imdisBolved. Tho rest of the ammoniacal precipitate con- 
sisted of 016 peroxide of iron» and 29 of magnesia^ which 
were separated by benzoate of ammonia. The solution which 
had been precipitated by ammonia was erajHirated to dryness, 
imd ignited after excess of sulphuric acid hod been added. 
From the sulphate of magnesia thus obtained, solution in 
water separated O'Ol more of silica. Tlic sulphate weighed, 
deducting the silica, l-G grains, equivalent t*) 2o85 of mag- 
nesia. In fivo groins of the mineral, there thus were» of soUd 
constituents, — 

MagneBlo, 0*308 

S585 
2 893 

Protoxide of iron, 0*142 

Silica. 0'03 

001 
004 

3-075 
And in 100 parts, — 

Magnesia, 57'S6 

Protoxide of iron, 2*84 

Silica, 0-SO 

Wator 27-06 

Cubooic add, 1000 

90-46 

Considering the protoxide of iron as replacing a little mag- 
nesia, it appears that the mineral is a combination of hydrate 
of magucHia with a little hydrated carbonate of magnesia^ 
The formula, 5 MgO - HO + MgO -CO' * HO, will nearly ex- 
press its constitution, on that view, giving. 

Magnesia, Cl'67 

Water, 27-24 

Carbonic acid, 11*09 

10000 
"We have an example of a mineral having an analogous 
constitution, iu tho native hydrated carbonate of zinc (tink- 
bliithc), for which M. lUmuictsbei-g gives the formula, 2 ZnO 
•HO-fZnO-CO»*H0. 
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General Contiderations on the Organic Uemainsy and in parti- 
cular on the Insects, which have been found in Amber. Bjf 
Professor F. J, Pictet. 



The history of theauimals and vegetables which have lived 
in epochB anterior to our own, presents a coimect42d sci'iea of 
remarkuhle facts, from which palseontologists endeavour to 
derive a kuowledge of the laws which have regulated the de- 
velopment of life, and the succession of organized beings in 
the series of geological eras. The greater part of these laws 
have, as yet, been established merely from the study of a 
BUittll nuuihi^r of cluaaea ; and we may, therefore, entertuin 
some doubts as to their generality, the more bo, as each of 
thene divisions exhibits numerous special features in its pa- 
Iseoutological history. Animals are better knonoi, in this 
rcBpect, tliau vegetables; at the same time, the laws which 
refer to this kingtlom cannot be sufficiently established until 
all the groups which compose it shall have been better siudiod 
in their successive faunas, and moi*e accurately compared. 
Until then, we run the risk of deducing general rules from 
Special facts, and of transfcmng to animals in general, results 
which are true only in reference to a portion of them. 

Unfortunately, it is still required that tlie fossil remains of 
all the classes should be equally well observed, and that we 
could dui-e to expect for all that we should be able to com- 
plete their history, which is often long and complicated. 
"WTiile some animals have trausmiLt-ed to us, as a proof of 
their existence, solid and well cbaractenzed remains, otberSj 
on the conti'ary, softer and more delicate, have passed away, 
without leaving any ti*accs, because they had no parts sufli- 
ciently hai'd to admit of preservation in a fossil state. The 
vertebrates by their bones, the mollusca by their sheila, and 
ft great number of polypes by their polypiers, furnish to the 
palaontologist the means of reconstructing, in his own mind, 
the population of the remote periods, becaiise these hai'd bo- 
dies have been bui-icd in the successive deposits left by the 
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ancient soofl. Many other animals, Imving neither nkcleiua 
nor hartlcueJ int^'guuients, havo certainly lived iu these BiUDae 
aeas, but their remains have not been preserved in tho same 
formations. 

The articulata arc not sufficiently solid to hare been pre- 
served in all deposits, nor so delicate as t-o hare been always 
destroyed ; accordingly, wc find them in a fossil state otdyia 
sonic special localities, where the formations arc composed 
of very fine-graiiie<l rocks, rather soft, and which, by decom- 
posing into tliin plates, permit us to observe the impressions 
upon them. These deposits haTO, in general, been produced 
by sudden cataclysms, and the beautiful manner in which the 
organic remains oi'o preserved, is partly owing to the animals 
having been fossilized immediately after their death. These 
localities, so valuable for the pal ocou to logical titudy of this 
class, are too rare not to leave immense blanks in its history. 
Besides, it too often happens tliat the most esseutial charao* 
t«ra of the animals ai-c altogetlier concealed, and tbat, conse- 
quently, we can form only very imperfect Dotious of the true 
zoological relations of many species. 

Yellow amber, or Sucein (the Eiectrum of the ancients, 
Bcrnnlein of the Germans), often incloses the remains of in- 
sects and vegetables, and the examination of it appears des- 
tined tu furnish matcnals of the higliest importance, and to 
complete, in an essential department, the paWontologtcal his- 
tory of tlie articulata, the difficulties of which I have just 
glanced at. The great number of spocios which have been 
already found in this substance, the admirable preservation 
of the greater pai't of the individual specimens, the tranapa- 
roncy of the material, which enables us to see sometimes tho 
most delicate organs almost as well as in living nature, ani 
so many circurastancos which impart interest to the study of 
the fauna and flora of amber, We may, indeed, by a suilAble 
examination, hope to arrive at the knowledge of a numeroos 
population, animal and vegetable, whose natural relations 
may be fixed with a precision which it is impossible to obtain 
in regard to the other deposits in which they arc found. 

Tt is, at the same time, only a short while since the import- 
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ftnce of this Btudy has been fully felt It waa necessary Uiat 
palscontologicnl systems should have been advanced to the 
point they have now reached, and that theoretical questions 
should havu been detcrmlued as they have been of late years, 
before we could perceive the advantage that would result to 
palteontology from a [>ei>fcct acquaintance with the remains 
inclosed in amber. We find, it is true, among the old nata- 
ralists, some works relating to this substance, and Htime in- 
complete attempts to make us acqualuted with the organic 
remains contained in it. But it is M. Bcrendt who has first 
attempted to develop this subject fully. After some special 
works, he has conceived the plan of a great general work, in 
which all the species should be described in a manner wor- 
thy of the actual state of tlie science. An untloi'taking of 
this importance cannot bo completed by one man ; aciconl- 
ingly, M. Berendt has obtained several individuals to assist 
him. M. Gujppert has undertaken the botany ; M. Koch the 
Crustacea, myriapodes, arachnides, and apterous insects; M. 
Loew the diptera ; M- Germar the hemiptera and orthop- 
tera, &c. ; and M. Berendt has connected me with the work, 
Ly entrusting to my care the study of the neuropterous ia- 
Beets, The pubhcation has commenced under the auspices of 
the Queen uf Prussia ; and theivs is every reason to expect 
that in a few years this great project will be completed. "We 
Bhall Ifty before our readers some of the principal facts which 
the successive parts of tho work will disclose. I shall, for 
the present, avail myself of what lias already appeared, and 
of what my own observations have taught me, in order to 
give a general idea of the nature of amber, its formation, and 
the principal features of the fauna and flora whose remains 
arc inclosed in it. 

Yellow amber, as every one knows, is a transparent or 
slightly opaque substance, varying from pale yellow to brown, 
susceptible of becoming charged with electricity by friction, 
diffusing a resinous odour when burnt, and containing a pe- 
culiar acid known by the name of succinic acid. Amber re- 
sembles the resin named copal, which flows from the trunk of 
certain leguminous treea of warm oountries» and also the resin 
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namvd am'mre, which comoftfrom the Vaferia TndicataiA Tra- 
chtflotiftm GaerfHcrianum ; and as thcso two BubstAnccs fre- 
quently contniti insects also, it is of conBeqtjcnco to be able 
to disUngoiah them ren^itly. for they belong to the existing 
epoch. We shall find, in some aaihora who were unable to 
moke tho distinction, CAtalof^ues of truly fossil species found 
in amber, mingled with exiating species occurring in these 
modem resins. M. Berendt^ in the fii'st number of his work, 
has giren some details as to the characters which enable db 
to distinguish true amber. We may consider the presenco 
of succinic acid among the most certain, for it ia wanting in 
the modem resins. The colour, besides, is pretty constant 
in the latter, while amber presents great varieties in thi« 
point of view. 

Amber is found in many countries. It is particularly nbuTi- 
dant on tlic shores of the Baltic; but is also found in Sicily,llie 
Indian seas, Ohinn, Siberia, North America, Madagascar, ix. 
M. Bei*endt's work is more particularly devoted to fche study 
of the amber occurring on the coasts of Prussia. Wo shftU 
not here enter upon the question, whether amber has been 
formed in all those countries at tlie same epoch, and in the 
same manner^ Precise examinations of the composition of 
this substance, taken from different localities, are necessary 
for tho solution of this question. Certain facts even appear 
to indicate that amber is sometimes found in formations much 
anterior to those in which it is usually inclosed. 

Prussian amber is gathered more particularly on tho shores 
of tlie Baltic Sea, when it is cast out by the waves ; but it 
is likewise found by digging into the soil. It is probable tliat 
the greater part of the fragments have suffereil from attrition, 
for they are usually rounded, and found in many diflfer^nt 
stages. If, therefore, it is not collected noWjWC may afterwards 
find it buried in the arenaceous deposits at present forming 
on the shores of tho Baltic ; and many beds of sand and gravel 
inclose fragments of it, which have been conveyed Either by 
similar causes. Tho presence of amber in these recently 
formed beds, proves nothing, therefore, against tho ajitiquity 
of this substance ; and it is probably through error that some 
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ftutliora have conclude<l, from these deposits, that it was of 
more modem origin than the tertiary epoch. Sometimes am- 
ber has been found oven mingled with tlie remains of human 
industi'y. Thus Steinbeck says, that a small metal bell was 
discovered, near Brandenburg, under a bed, containing ambei; ; 
and instances are mentioned of nails, wire, &c., having been 
found in veins of amber. All these facts cannot be explained 
bntby admittinf^, as we have said, tliat fraj^ments of amber 
have been, at dilierent periods, displaced by the sea, as hap- 
pens in the present day, and deposited in formations poste- 
rior to the tertiary period. We cannot, therefore, deduce 
from them any argument for bringing the pex'iod when this 
resin was formed nearer to our own day. 

Other more important facta shew that the origin of amber 
goes back to the tertiary epoch, and that it is to be assigned to 
a resin which flowed from the trunk of certain trees belonging 
to that era. Tlio following are the proofs in favour of this view : 
1*/, W© find amber in beds of tertiary lignites, in tho form of 
numerous fragments lying between the trunks of amber trees. 
It is true that this substance has never been found adhering 
directly to any of the trunks; but the position of the frag^ 
ments seems to admit of no doubt. 2ii, The analogy betweea 
copal and amber evidently indicates a similar origin. Their 
consistency, tlieir colour, their nature, and the fact that they 
both inclose organic remains, prove this resemblance, and 
concur in showing that amber, like copal, and many modem 
resius and gums, has flowed from the trunk and branches of 
a vegetable. It is probable that the large and irregular 
masses are the produce of the trunk, that tlic smaller ones 
have come from the branches, and that those whicb have a 
slaty structure have been formed by a series of layers. The 
roots probably produced none. The gi-cat quantity thrown 
cp by the Baltic Sea, is probably owing to the existence of a 
considerable bed, situate in the south-west quarter of the pre- 
sent basin of that sea, towards 65" north latitude, whence the 
winds convey it by diverging to the different points of tte 
coasts of IVussia. This must have been the principal place 
where Baltic amber was formed, and the site of tbe forest 



39G Profesiior Fictot on the Inaeeta found in Amber, 

wlitcb prwluccd it. This forest probably flourisheil on a low 
iBlund, wbich marine rutronta i<tguing from the north subse- 
quently submerged and deutroyod. 

Tho Iignit«it where amber ia fonnd belong to tbe period of 
tbo I'russian mokuse, ur the de|iosits of this epoch are im- 
mediately above the Baline formation of Galicia, and infe- 
rior to the argillaceous schists, to the cerithcan limestoues 
and arenaceous deposits which, in thitt country, compose A 
series of tertiary stages. The foresta, whose ti-unks hare 
famished amber, ha^'c therefore lived during the earliest ages 
of thiH period. It remains, at the same time, doubtful, whether 
tho commencement of the tertiary epoch in Germany corre- 
sponds exactly to the time dm>tng which the eocene forma- 
tions of Paris were formed. Onght the fragments of this sub- 
stance, found in the coarse limestone of Passy, to be regarded 
as demonstrating that they are contemporaneous 1 New geo- 
logical researches can alone teach us this. 

The animal and vegetable population of Prussia, during tho 
period when these forests flourished, is probably, then, con- 
tcmpoi'ancous with the tertiary pachyderms ; and the organic 
remains inclosed in amber ought, consequently, to furnish 
materitUs to complete the fauna and flora of this I'emarkabic 
epoch. AVliile this resin was still viscous and semifluid, it 
has enveloped as it flowed fragmcDts of vegetables ; and in- 
sects, rashly lighting upon it, must often have been entrap- 
ped. In many of them we notice positions indicating that they 
have struggled, and vainly tried to escape. After assuming 
» solid consistency, amber does not appear to have undni^ne 
any important chemiral moditications. It sometimes contains 
small empty cells, which have been originally formed by drops 
of water. 

The amber-producing forests were principally composed of 
Coniferfe, and more especially of numerous species of Pine. 
The most common of these species, that consequently to which 
we most probably ascribe the amber, has been named by 51. 
GSeppert Pinieea succinifer, (I know not why this skilhil bo- 
tanist has not. used the name Pinus, for the trees whose wood, 
oonea, and leaves, he doscnbes, cannot, according to him. he 
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separated generically from existing pines.) This tree has a 
great resemblance, in its wood, to the pines and firs of our 
own countries ; but, for the abundant production of resm, wo 
CAD compare it with none of the conifersc of the present world 
but tlie Dajmnara australis of New Zealand, and, among the 
other families, the leguinimc that produce copal. .\Jong with 
these pines we likewise find some trees whose foliage is not 
that of the coniferfs, and In particular shruba of the family 
ericacese. 

It is impossible, at present, to give a perfectly complete 
idea of the fauna of amber, because there are still some orders 
of insects which have not been studied. However, the re- 
Bolts 1 have obtained by the study of the Neui'optera having 
appeared to be confirmed, in a general manner, by what we 
know of the other divisions, 1 ehall here indicate the princi- 
pal points. It is necessary to remark, before entenng into 
these details, that the in»cctti preserved in amber cannot re- 
present the totjility of the entomological fauna of this epoch ; 
for many of them, fi-om their very nature, could not be pre- 
served in this manner. Aquatic insects, for example, would 
rarely come in contact with this resin ; accoi-dingly, neither 
the cases of phryganiiB, nor any larva or insect, whoae habi- 
tation is exclusively aquatic, has ever been found in amber. 
It must be remarked, moreover, that largo insects, as well as 
Strang ones, and such as have a powerful flight, would most 
firequently make their escape from the viscous matter which 
iraa sufficient to arrest weaker and smaller insects. In these 
two points of view, then, and probably in others besides, 
blanks exists which wc must take into account in many com- 
parisons. If we overlook this consideration, we shall erro- 
neously conclude, far example, that the size of amber-inaect^t 
is less than that of the present race ; and, in the comparisoa 
of the number of representatives of each family, we may fancy 
that some of them were very i-are, while the real fact may be, 
that the insects which compose it have been able to make 
their escape from tJie rcain. 

The small number of known species, is still another eir- 
cnmstance which ought to make us oaatious ii our general!- 
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tations. We knoTr about 800 fossil Bpecien in amber, a num- 
ber certainly conaidorablo relatively to that of tbe species 
which have been described of late years, but very Binal), if we 
compare it with the total number of inaocta of the preaent 
European fauna, and consequently with tbe probable number 
of those composing the funna of which they arc tbe rcpr&* 
sentatirea. It is probable that, when tlieir number shall in- 
crease, the general results will remain nearly the same, for 
there is no rea^ton to believe that new discoveries will weakcDi 
in any considerable degree, tbe consequences tbnt may b> 
drawn from the facts already known. 

Tlie first and most important of the results which the atody 
of tlie fauna of amber has fm-ntshed, is a complete confirma- 
tion of the law'of the specialty of species. No ncuroptcrous 
insect sufficiently well preserved has presented to me specific 
characters identical with those of a living speciea. M. Koch, 
on his part, has come to precisely the same result with respect 
to tlie Crustacea, arachnijes, and aptera; and what we know 
of the yet unfiuislied labotirs of our associates, leads us to be- 
lieve that it will bo the same in all the orders. This confir- 
mation of a law 80 important, and so mufh controverted, is 
of great interest ; for wc have had to compare animals of the 
tertiary epoch with those of the modem epoch, that is to say, 
beings belonging to two creations, between which, it has been 
believed, analogues have most irequcutly been discovered. 
Our observations, besides, refer to a class whidx coold not 
hitherto be studied under this point of view. We may like- 
wise affirm that there is some intei'est in establishing these 
complete differences between the aerial animals of the two 
faunaa. With respect to aquatic ammals, these diflerences 
have often, in fact, Iwen attributed (erroneously, in my opi- 
nion) to simple organic modifications, produced by changes in 
the nature of the waters. It is difficult to extend this mean- 
ing regarding the subject to ai-i-ial animals, and to suppose 
that the modifications of tbe atmosphere coold be so sensible 
las to exercise a very powerful action. It is necessary, be- 
sides, to remark, that, in what relates to the discussion of this 
Uw regarding the specialty of fossils, the mode in which 
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organic remains are preserved is of great importance. The 
insects of amber are known to us by the whole of their body, 
and, as I have said above, their essential urganR may aft«n be 
observed with gi*eat precision ; we may, therefore, place cer- 
tein confidonce in the rcBulta fiimtRhed by the study of them. 
The molluscs, on the contrary, are preserved only by the shell, 
that is to say, by an accessor)' part of their organism^ and 
their vital orgnna are known to us only by a more or lesa 
qnostionablo analogy with the existing world. >Jow, it is 
principally from tlie molluscs that those who believe in tlie 
preservation of species in many successive epochs, derive 
their arguments. Is it not reasonable to attach more import- 
ance to results fm-nished by animals most completely pre- 
served, and consequently to consider the Insccta in amber aa 
fnmishing a strong proof in favom* of the law of spedalty of 
fossils I 

But if the species of amber are all different from those now 
existing, it is not necessary to conclude that the fauna of 
these two epochs present very great differences in their gene- 
ral physiognomy. A great unmbcr of the insects of amber 
belong to genera now living. For some of them, it has been 
neceaaary to establish new genera, and the number of such 
&3 could not be classified in existing families ia very limited. 

The investigations undertaken for Mr Berendt's great work 
bare hitherto detected, in the insects of this fauna, only two 
types which are suihciently distinct from living insects to re- 
quire the formation of now families. These are, Ist, The far 
mily of ArchceUies in the class of Arachnidcs, which has been 
established by M. Koch, and which is charactcriscfl by a head 
anited to a sphoricalthorax,by four lozenge-shaped eyes placed 
on each side, by mandibles longer than the head, prolonged 
like teeth, and forming long pincers. 2<//y, The family of 
Pteudo-perlideSt which I have been called upon to establish 
for very remarkable insects, which had at first been con- 
sidered by M. Berendt as tho lai'va of Nemom*a, and which 
have some relation in their forms with this genus, and the 
wings wanting, or rudimentary ; hut the number of joints in 
the tarsi, the form of the antenna and that of the abdominal 
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appendages, approach nearer to the order Orlhoptem, and in 
particular tu the fauiU^- of the ITinsiniJes. The Pseudo-pcr- 
Jidea are prohably, therefore, a family which forms a kiad of 
transition between the Orthoptera aud Nenruptera. Some 
doubts remain as to the question, whether the epecimeaswc 
poHseKS are tlie hirriB and nympha, or whether they are perfect 
iuaeuta with rudimentary wings, as often happens among the 
Orthoptera. 

The new genera are a little more numerous. I have, how- 
ever, found only three among the Ncuroptera ; but some of 
my fellow-labourers have distm^uished a greater number, and, 
on consulting the parts of the general catalogue already drawn 
up, wti shall find that the number of genera special to the 
&una of amber, represents nearly one-fifth of iiic entire num- 
ber. BesideH these new genera, there are some which are 
found in the presently existing fauna, but which contain spc- 
des strangers to Prussia, and even to Europe. Thus, among 
the Neuroptera, I have mentioned a Chauhide.g^ a genus at 
present confined to Noi'th America, an Entbia, whose conge- 
ners now live in warm zones, &c. One of the most remark- 
able genera in tliis point of view la that of Termea, which are 
verj' abundant in amber, both in species and indinduala. By 
supposing that the specimens we have it in our power to ex- 
amine are in the same proportion as tlie insects were them- 
selves when alive, we shall find that this genus has furnished 
0'17 of the population of the Neuroptera of amber ! At pro- 
Bont we are acquainted with none of them in Europe, save 
some small southern species, which maritime commerce has 
naturalized a little further to i\\e north than their native coun- 
try: the size of the fossil species greatly exceeds that of the 
latter, atid it is only in the Tcrmos of the warmest quarters 
of the globe that we now find their analogues in this point of 
view. 

If we attempt, by means of these facts, still in a very in* 
complete state, to draw some conclusions respecting the cli- 
mate of Europe during the epoch when amber was formed, 
we can advance only very hypothetical conjectures. The great 
number of Termcs, and the presence of some species belong- 
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ing to the waim fones of the globe, would seem to indicate 
thut the temperature hau beeu higher thnii ii now U, and that 
the north of Prussia must have been placed in conditions in- 
termediate between those whic}i now characterise it and those 
of the basin of the Mediterraneuri. I ought, at tiie same time, 
to obBcrre that considerations of this nature have an clement 
of uncertainty evidently attached to them. In fact, we com- 
pare lost species with species which are not identical with 
them, and we conclude, in general, tbat such as i*eaemble each 
other must have lived in similar climates, which is faj* from 
being constantly demonstrated. But, while we acknowledge 
that we must not assign too much importance to thet^e com- 
parisons, we are of opinion that it would be passing the limits 
of a judicious caution to refuse altogether to take them into 
account, the more so since the results they furnish agi'co witli 
what the study of other classes of animals establishes. 

The Artieulata appears, moreover, to be the only division 
of the animal kingdom of wliit-h amber has preserved sufll- 
ciently numerous iNjmains to throw some light on their his- 
tory. With regard to the Mammiferai, nothing else has been 
found m amber connected with tlieiii than tufts of hair, one 
of which, examined by a microscope, appears to have belonged 
to a hat. The feather of a bird has liko^vise been found. 
Among the MullLisca nothing further is mentioned than a few 
small shells imperfectly preserved. ^ — [BibliuthequG Univer- 
aelU.) 




* Tlilfl pHp^r >viii rpiid bofor'; tho UoyaJ ."iociety of Edinburgh Ui Dtmaber 
1S14. liul bftJ Btnce rcwivoJ (ur:(iUM lorrwtions iiud addttiuns. 
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I Expianatum 0/ Alap. 

tiS, «. The Cane, an olluTml plain, anniioscd of stratified sand, da/, 

I— end gravel, whose surface has tlie as|>eot of a dead lereL Its 

■ general clovatjoa above the high wntur liae at CambusltDn- 

I uetb Abboy, M, may be about 25 fec<t, but eonaiderably lou 

■ at a few jjIoocs, where the rivers overflow their banks, or have 
W changed tbeir b«ds. At the head of the Carse, fifteen miles 
I ii-eBtward, it is nearly -iO feet. 

; P. The river Forth. 
T. TIio rivOT Teith, the largest tributary of tie Forlh. 
N. The river Allan, a considerable stream. 

A. Abbey Crug, an isolated LLU, ca[>pcd with greenstone, whose 

summit is about JjO foct above the sea. 

B. The village of Bridge of Allan. 

C. The village of Causeyhead. 

8. The hill on which Stirling etanda, capped with greenstone, the 

eummit of wLIuh is about 3S0 ft;ut abovu the sea, 
R. Airthrey hill, vlioEe summit is jOO feet above the Bea. 

D. A higher hill, which forms the weetoni prolongation of De- 

myat. 
G, K. Hillv bounding thu plain ou tlio south. The first is low, the 

I other two are fllovatod. 
["he dotted lines represent the two principal roods on the south 
and north sides of tho Curse. 
The tcrruces aru distiuguished on the map by parallel sliaiUng 
lines, the higlior by yurticul lines, tho lower by horizontal. 
Cbc black figures below are sectiona of the torracea, witli jior- 
tions of tlie oimtiguous hilU, In theite sections the line $ $ 
represents the level of the sea ut Cambu&kenueth Abbey 
(M, in the map) ; tho white s{>aRe above it, the elevation of 
the surface of the Corse above that level ; and tho depth of 
the blacli horizontal bands represents the elevation of the 
terraces above the Corse. For the £alce of distinctness, this 
depth has been juade three times greater than it ought to 
be in proportion to the length. In section 3, the length 
or horizontal extent has been exaggerated for a similar 
reason. 
_, „. A. figure fibowing tho catdiuul points. 

About a mild northward from Stirling is tho isolated rock of 
ibejr Crag, which presents a steep acclivity on it3 western side, 
'eteA with debris. From the foot of this acclivity a terrace of con- 
anUilo height extends westward to tho river Allan, and beyond it, 
ming the northern boundary of tlio Gafso, This terrace seems to 
I to present very distinctly the characters of an ancient sea-beach, 
nther of two ancient beaches, a higher and a lower; and thero 
i remnants of coiTej^ponding beaches at other parts of the Carso. 
The position of the terraces will be understood from the map pre- 
sd, which rcprosoiits a snnll portion of the Carso or plain of Stir- 
^ with tho liillb hounding it on the south and north. 



Tho Tillage callci Uie Bridge of Allan, B, now much resorted to 
for iho Airthrey minoi-al waters, lit's at tho foot of tJio terrace, tlie 
soutlj side of which is very steep, and corered with growing wood. 
Footpaths aro out in various directions on Uic acclirity. In pass- 
ing alung those wo discover t>and or gravel at every step, and when 
a foot or two of tlic sand happotis to be exposed, wo obserro tracec 
of BtratiGcation. On ascending to the top of the acclivity, we do not 
BOO what is usually scea on the flanks of mountains, a series of kuoUs 
or rounded undulations, rising towards the chain. On the ooutraryt 
wo find ourselves on a plateau or terrace (a, 6, e, <t, f^ section 1 , and 
map), with a surface roniarbably uniform and level, and terminating 
abruptly at tho foot of the stoop luUa B, D, whicli tower over tlio 
Cartw hero to a height varying from 500 to 800 feet. Looking cast- 
wanl, we scv several hollows ruuning across the terrace, cut by tho 
action of i^mnll streams or other agents, but tho eyo easily discorors 
that tho separate portions of tho terrace rise to tho same apparent 
lovol. Looking westward, we see a gieat breach (N iu section 1) 
mado across it by the river Allan, but beyond the river, at llio dia- 
tanco of a quarter of a milo, tho terraco reappears, a, 6, and as 
nearly as tho eye, assistod by a pocket-level, cao Judge, at precisely 
the same elevation. 

The well-marked part of the terrace ends on tho west at Loeropt 
Church near 6 ; on the east, at Lord Abei^cromby's east gate near/) 
and at tho foot of Abbey Ci'og f, whoro the village of Causeybeod is 
built on it. Tho distance between those points is two miles. Boda of 
ftandstone rising from beneath Abbey Crag, and dipping eastward at 
a liigh angle (e in section 1), aro seen iu the village ; they are seen 
again in tlie bed of the river Allan (tT, section 1), two or three yards 
holow the level of tho Carso, and again at the level of the Carso near 
Lecropt Church b. Except at these points, and in tho hill above, 
rock is nowhere visible. 

Tho terraco reappears nearly a mil© west from Lecropt Church at 
a, but in a diflbront form ; tor here it rests on 30 or 40 feet of rock. 
Above tlie rock there is a deposit of sand and gravel to the depth 
of perhaps !iO or 40 feet, and the surface exactly rosemblos that of 
the eastern part of tho tcrrnce. There ni'e distinct Krrnces alw 
within the grounds of Blair- Brum mo iid. I was ablo to distinguish 
throe, with pretty well marked cliHii behind Uiom ; but X caiiooC 
upuak positively as to thoir height. 

I measured tho height of tho teixace at Lecropt Church, and at 
the mineral well, by means of a pocket-level, fitted with a reilector; 
and at both places I found it to bo about 92 feet above the Carso. 
If we add 25 feet for the elevation of the Carso aboro the surfaoe of 
the Forth at Stirling, the height of tlio ton-acc above the water will 
be lid feot. But there is a sligJit swell to be aftcrwai-ds noticed, 
for which 15 feet must be ailded, raising the entire height to 132 
^feet. My measurements, however, boing roughly executed, and with 
no pretension to minute .irccracy, I proior giving them in fathoms, 
and shall call this the " 22 fathom terrace.'* 
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The internal ntnictnn? of tlie terrace is lihown at spvoral pkces, 
and bears unequivocally the character oi* a deposit from wiiter. In 
a quarry nciir Locropt Church, tho niHteriaU aru s^n to lio sand 
and gravel rudoly deposited hx sitritta. At Uiq Biper Allan sandstone 
b seen under tlie bridge, in the water-courso, aborc wliicb all is 
gravfil and clay to the top ; hut llia gravel is coarse, sucli as a rlrer 
Bobject to floods brings down, and in which Ktratification is often not 
apparent. A furlong cast from this there is a (jiiarry on the Kiini- 
niit, about & or 6 yards deep, where three ur four beds of gravel al- 
iaruato with as many of sand, all pretty corroclly horizontal. The 
sand and fine gravel slmvir htralifimtion ; the coarsB gravel does not. 
Half a niit<} eastward thero is a small opening in the woud only four 
or five yards above the Carse level, whwo again we find sand aud 
gniTL'l in layc'i*a, and there aro other openings presenting similar ap- 
pearances. At t!ic cut jjindo for the railway undct the road at 
Jjridge of Allan, the bottom of the terrace was found to couaJst of 
the blue boulder day, inclosing a few rolled and atriated bouldura 
from 2 to 3 f«ct ill diameter. This clay, winch rose to at least 30 
feet above tho Carsc, and was covered with sand, probably forms the 
lowest stratum of the terrace along a considerable part of its extent, 
and by its conipactnosg and tenacity may have contributi/d fjivsoutialty 
to Ita presei'vutiou. 

The breadth of the terraoo at Lecropt Church may bo about 200 
foot. At liio nihieral well, 1 found it to bo about 900 feet, and 
towards the east end, within Lord Abercroiuby's grounds, it must ba 
nearly half a mile. 

That tho terrace does not owe itt, elcvntiou to a nucleuE of i-ock is 
evident; for, fi-om Lc-cropt Chnixb .to Cuuscyhead, a difitance of 2 
miles, though various broaches and openings, SO or 60 feet deep, 
exist iu it, no vostigo of rock In sitM in vtbible, except at tlio bridge 
oTtMT the Allan, where tbu tiaudstone is seen inuny feet under tlie 
level of the Cartie. 

Like our present beaches, tho terrace, though noarly level, is not 
rigidly so at every point. In tho croiis section at the mineral well 
(section 2), the lowewt part of the surface is that at a^ next tho hill. 
Beyond this Is a slight swell (!>') rising 15 or 20 above a', and melt- 
ing graHually into tho outwr portion, whioh scarcely deviates from a 
dead level. This outer portion terminates in an escarpment at (f, 
preciioly such aa wo find iji a bank of earth, exposed to tho action 
of a rivur or tlie lido. When iho sea which deposited this terrace, 
liad sunk to a lower level, and merely washed its foot, tho tides had 
eaten away, iu the course of ages, all thut portion ivhich was towards 
(lie centre of the valley, luaving thia remnant as a witness of the 
higher level at whioh the water oncettood. 

It is scarcely noceseary to say that, in speaking of the aca rising 
to many feet or yanit above its present levtl, or aiibsiditttf so tnani/ 
/eet or i/urdjf bdow t<, the cxpruhsion is put iu tins form miroly to 

' VOL. XIjI. KO. LXXXII.— HXTOilKK 1846. 2 1) 



406 Mr MnclAi'on on Ancient Baaches near Stirling. 

avoitl ciroumlocutbn. In common with nearly all living geologisti, 
I lioM that Uio cliango of le»-.'l is solclj in Uie land^thnt (he sufc- 
■idence of tbo sea i« niereljr apparcnc, and i^ the eilecC of a rval nm 
in the laod ; and ^ntc vtraa, tliat an apparent rieo of tiiu sea a tJM 
efiect of a gubaidence of the Und. 

An elevation liko U is seen nt several parts of tbo terrace, near 
the foot of the stoop acclirity R, but not cTrrywhcrc. It ma; bua 
stonti boach^ or bank of Bhingte Chi-own up in a stomi; or it maj tare 
been produced in sonio coses b; torronui from tJio hiU R, swecpiii^ 
awa/ the portion of Band and gravel nearest tlio strand. It is onoa^ 
that such banks are found within the high water ttmrk on the EhoMi 
of the present sea. 

Tho evidence fui-nislied hj these details, to shew that the terraro 
was an ancient l>each, majr lie thus Bammed up : I. It is compOMd 
of Kuoh vntor-wom niateriais ascontpoveour pre«ionl beaches. S.Thow 
materials ore arranj^ed as wo Gud them in uur present beadics ; tbit 
is, they are disposed in bcd» or layers, appruximatinj^ to a horizontal 
position. 3. The upper surface of the unbroken parts of tho tirrseo, 
approximates to a dead level, as in our present beaches. 4. Like th«M 
beaches, it meets the hill behind it abruptly ; and it is, as nearly w 
the eye canjudge, paiallol to theatirfaceof thdCai'se,uh)ch wekao* 
to have onoe formed the bottom of the »ea. 

Now water is the only agent which could have arranged the ma* 
toriaU of the terrace, and levelled it& surface, as we find tbcni ; aud 
tho water muiil either have liet-n that of tlie sea or a lake. But tba 
oyster, cockle, and mussel slietis found in the Carse wostwanl from 
Stirling, assure us that the sea once covered it; and with this evi- 
dence before us, it would be en philosophical to explain the facts by 
aasniiiing the existence of a lake. 

The Airthrey whale, found in the Carse near Blair l*ogio, 22, foot 
above the present higli-water level, shews that the sea onco aXvA 
niuc2i higher than it now dues. In the New Statistical Account of the 
parish of Rrymen, we are told thnt tho surface of the Carso there ia 
nearly 40 feet above tho sea. Tho fact is probably known from Mr 
Snieaton's survey; and, assuming it to be correct, tlie tides which 
covered the carsc must hare Bowed to tliat height at least. Agsi 
we have a bed of oy»<tcr-shells at the raoutlt of tho river Avon i 
Linlithgowshire about ^1 feet above tbo present f^trand ; and as the 
oyster inhabits deep water, wo must add 20 feet for the tide. We 
ai-e thus fuinibhed with evidence, that in a part of tbo Frith about 
15 miles from Stirling, the sea stood at one time 57 feet a( leapt abora^ 
its prosi'iit levt^l. It may have been twice as much, for the oyster i 
known to live souictiincs at the deptli of one hundred feet. 

If sea-shells had been found in it, the evidence of the terrace 
an ancient beach would have been complete. J^ut shells, though n 
observed hitherto, may yet bo discovered in it; and even, if none 
should be found, it dues not follow that they never existed. SheUs» 
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organic substAncei;, are liable to deconiposition when exjiosed to tlie 
lonts. Mr Darwin informs U8, ip his Memoir on Ulenroj, that Uo 
found shells on die co^st of Poi-u, in a gradually increasing &tato of 
,y aa lie ascended from the loach, till at a certain Iioiglit a moro 
ajor of calcareous powder, withont a vo&tigo of btriicture, alone re- 
ined. Tiie higher pnrts of the shore Imviiig been first raised abovo 
9 water, tlio shells dcpoisitoj on thorn had suffered luobt from bmng 
ge.vt expo<3ed to meteoric action. He farther states, on the authority 
<{ Mr Lyell, that on the coast of Forfarshire {icn^ithnUs itre found in 
vel-beds up to the height of 60 or 60 feet, but are wanting in sitni- 
r bods wliicU exist at grontor otovatious. In Norway, again, whew 
depo^it^ of (ihinglo and uind oxt&t tip to the height of GOO feet, shells 
are found only in thoso which are 200 feet or less above the sea.* Wo 
cantliUBunderstandhowthoAirthrey terrace, though a marine deposit, 
may bo destitute of sholls, wliilo thoy abound in tho Cai'^e, at a lower 
Iftrol by 100 foot. Much, however, may depend un tho nature of tho 
envolope. Thoso embedded in a clay impervious to water may ro- 
nwiii entire for a vast tcngth of titiio, while those buried in tiaud or 
gnivul will decay rapidly. Fullor iuroniiiition a^ to ihu Icvyls at which 
BUtraie remains exist in Britain, may be found in Mr Murchiiton's 
iddrass to the Gftological Society for 1843. 

Tho preservation of this remnant of thy ancient haach or M>a-bottoni, 
'hilo the southern portion of it hnm been swept away, admits of a 
SUisfnctory explanation. The sua may havo subsiJod oilhur ty sudden 
BtWtSt as on the coast of I'uiu In 1U21 ; or gradually and uiscniiihly, 
M oa the eaat coast of SwuJon ; or gradually, but with pnuses at cer- 
tain intervals, as on the co:i.^t of Laplnnd.f Let us suppot^e the change 
to have been sudden. At each subsidence, the water would rt-tire from 
the sid-^ of the valley toM*ards tho middle ; and aftor it had fallen 
through aeei'tiin sp.ice, say lOov 20 fe«)t or yards, and como toastato 
of rest, the tide, in advancing and receding, would attack those pai-ts 
of tlio aocieiit bottom which wcreabope the iow-watcrlino. An open- 
ing onco liijido, a Kea-clilf would be fornit^d ut the htrand; yard after 
p yard of the cliff would be uiiidei-mined and swept away ; and if thy sea 
remained long enough at the same levelj and its crosivu action was not 
stopped or turned aside by sonic firm res.i sting body, the wholo of the 
lucieot beach would disappear, leaving no trace of its existence. 
Such a rosib-ting body we have in Abbey Crag, (A in tho map and 
ion 1) which is 350 fuct in liptght, and two-thirds of a mile in 
readth. When the soa wa.'* many fathoms above its preseul level, 
e tide setting through tho channel sciircoly one milo in breadth be- 
tween Stirling Rock (S) and Abbey Crag (A), would act with great 
force in « nortft-west and svuth-east direction, and rapidly cut away 
,Uie portiua of tho ancient beach in front of it, but the portion behind 

* Darwin's Memoir on filonrny. Phil. Trnns., 18.19. Piirt i., p. 63. 
I ,t,fiapport BUT un Memoire de il. A. 13ravais. Cfimftcj Ranttiu, gce&iicv, 

iftoccisis. 
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&h\K>y Crnj. or norihward of a line puui^ from C to B, woold be 
protected by ([ml I'ock, winch would act as a lircakwatcr, and turn asda 
tho ctirrttit. Tlio coui'>e of that current would corro&poud witli lh« 
luio of tho rallcy of tho Forth for ten or twt.-1ve iiiLles below Stirliitg. 
which is 8. 65 E. or SK. by E., and JiW. by W. Its principat 
action would be in the direction indicated by the arrow X. (H 
oourst* tho portinnx of the terrace northward of a line passing fi-om 
to U would bo ill a groat nioasnro ecicenod from its aa&aulls. Tbtt 
portions a & iiioro dirtxlly iii front of tho tido. havo not b?on eiNfii 
away ; and tho reason is, that thoy havt) a buiiis of rock rising many 
yardt above tho Carse. 

A current would be maintained through tho opening at^ north oC 
Abbey Crag ; hut from its course in referonco to that tiill (A), aoi 
the declirtty of tho hill D, which is rery £te«p, its action would bo 
com pa rati rely fecblo. Accordingly, though the torraw.' oxi^Ls here, 
ita height is a third oi* a fourth lower than tho average, and a h^llour 
has been scooped out in it in an eaat and wuat direction, part of whicli 
forms the ornamental pond lying southward from ^, and indicalod by 
a black space in the map. I hare spoken only of the current v( th* 
flowing-tide; but of course it will be understood that the obbing-tiib 
would run in the same channeU, and act tn the some way, though with 
less energy. Thorc are two ronndetl masses A, i, on the oant side uf 
Abbuy Crng, apparently of clay or gravel, which tho eholter of Ibo 
hill htid also saved from destruction. 

Bei^ides the hollow containing the pond, there are two dovietieoa 
IroTn the usual form of tlio terrace here, which demand atteutiiju. 
The one is n Bnmll specimen of a lower teit-aee, extending ft-om d 
to f in the mop, and from 30 to 40 fi-et above the Canse. Tbi» 
terrace (wliic-h ih dibtinguishcd by horizontal ylmding linos) com- 
mences at Lord AWrci-oniby's south gate, is about a furlong in 
broiidth, and .sunicwhut mure in length, and tcrniinaius at Uiti village 
of Causeyhead, C. It is levul and regular in its eurfaco (f section ii) 
and has a well ninrlced ant cJ*^ behind it at irws sharply cut as if il 
hod only recently escaped from the action of tho tidetr. Tho outer 
margin of the terrace cIobo to tho road is about 30 feet above tlie 
Carae, the inner margin at the foot of die cliff k, ia 10 or 12 fowt 
higher, that is about 67 feet above the sea. As the tide which 
formed it must have reached to this inner mai^n, it may be descriU.-d 
as tho " 1 1 fiitlmm terrace." 

Kvcry part of the clilf t: which I exammcd was of gi-avel or sand, 
and I was informed by one of Lord Abcrcromby's labauren<, tliat the 
whole was of the same materials. It rises with a bleep and tiharp 
acclivity facing the soutli, to thu height of 00 feet above the lower 
terivtce, 30 above tho higtier, and 159 abovo the high-water level 
at Caiiibuskenneth, according to my roiigli nieasurementt*. Vrom its 
Kummit it slopes very gently northward till it reaches tho pond. 
'J'lio form of the surfacu will bo uuderstood froui sovtiuu 3, whoro X> 
is tho steep flank of Demyat ; »' tho higher terrace (-n which Airtfarcy 
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Oaiitle stands ; p' the hollow containing tho pond ; k tlio top of the 
eliff forming a sort of ridgo ; and C tlio lower terrace at lis fuot. 
The ridge k is interesting, us an iiidit-atioii of the state of the surfaco 
before tlio upper or '* 22 fathom terrace" was fonnrd. We may 
regard it as a remnant of a still higher terrace, or an ancient nhonl, 
formed when tlie sea 6t.0(Ml 165 feet or mora above its present level, 
tnd eaved from subsefjijent destniciion by the bulwark of Abbey 
Crag, which stands precieely in a position to screen it from the actkn 
of a tide witting NW. by W. 

Beaches are merely the outer portions of the sea's hotlem ; and 
I inferred that if the 22 and Uie IL futtioni terraces were remnants 
of ancient b^^raches, i>oniothiu<^ similar should bo found at tho opposite 
Bide of the Caree. The inference proved correct. 

Behind WhitebouRe Farm, about a mile SW, from Stirling, (at t 
in the map) there is a hill about a third of a mile in length, and from 
70 to 80 feet in height, above tbo Girse, from which it riiies like an 
island. It is connected with the liillb behind it by a sort of isthniUH, 
while the Cni'se surrounds it un three hiduiu. So far as I could judge 
from walking over a considerable part of it, the whole consists of 
bUuTiat matter. But there wore no openings in it from which I 
could discover whether the matter was strati fit-d. The north side t, 
which looks to the middle of the Cnr<;e, presents an abrupt and stoop 
aoclirity, precisely like that of tlie terrace at the Bridge of Allan. 
Here, again, we are able to account Jor the preservation uf this frag- 
ment of the ancient sea bottom, whilo the rosit was swept away ; for it 
will be observed, that it exists in a sheltered recess, surruunded ou 
three sides by a high barrier of hills,' K, G, L. Rivulets descending 
from tho hills, pa«is near its flanks -p and q^ and may account for the 
disAppearaiice of tho other portions of It, which no doubt once occu- 
pied the low ground on its east and west sides. Section 4 represents 
the form of this hllluck, as seen from the noi-th. Section 6 shews its 
form transversely ; u tho hill behind It, t its uoi'th front looking to 
the Carse. 

As Abbey Crag had prot<icted one portion of the ancient sea-bot- 
tom from destruction, it might bo inferred that Stirling llack would 
protect another. Now this is actually tho case. A little tvrruco^ 
flat in the top, (m, n, in tho map), about 200 feet in breadth, and 
30 or 35 in height above tho Carse, encircles tlie south-west foot of 
the rock under Stirling Castle. It commences at tho Tillage of 
Ilaploch ; there is an -artificial breach where the rond passes through 
it ; it terminates at a long fiat hill of trap, L, and at this end has a 
farm-hooso on its summit. Hei-c the terrace is 4U or 45 feet high, 
and it has a sharply cut declivity of alluvial matter facing the Carse^ 
Section 6 shows its form near Raploch ; S tho i^teop doclivity under 
the Castle, m the terrace. Wo can ex[>Iaiu also why so small a por- 
tion of tho ancient bottom was preserved here. On the south siJe of 
Stirling Rock (at to in the map), tho ground is probably not mora 
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than 40 foet abavo Uio Carso, and the tides would play freely Uiroo^ 
the hollow hpre, as woU oa tlirough tho great chanubl bc'tween S ami A, 
long after the passage at /, by the north sido of Abbey Cra^, wM 
cloeod. 

There is another small elovatjon at o, otio tnilo Bouth-wwl gf Stir* 
ling Ifubind the hill L, which looks llko a torraoo, but is ill deQjtel 
and equivocal. 

In speculating oa the changes which the alluvial depoiiita him 
nndorgone from tlie action of the 8oa, at the difiorent levels alluded 
to, it may bo proper to advert to the slate of things which precMed 
those changes. When the Forth and Clyde canal w.ir projected, 
Smeaton carried a survey over the low grounds east of I.och Lotnomi, 
which separalo the Carso from the basin of the Clyde. IIu fauud 
Lhe summit- level st the Bog uf BoUhI, in llio parish of Drymeu, to 
be 222 feet above high water in the Clyde. When the sea tharefors 
stood at a higher level thiui this — say 260 feet — two long narraw 
sounds (like tho Sound of Mull) would extend acrosK Scotland, 
uniting tlie Fritlia of Forth aitd Clyde, one by tho line of KeWio 
Water or the present cuual (whose summit-level is 147 feet abuve 
the soa), the other nlong the vaUeyi> of tho Kivcrii Kudrick and Forth ; 
the CamiDiiu and Gai^gunnock hilU forming an iid&iid between thsoi. 
Our concern at present is only with the northern »ound. Mlilletho 
sea had a free passage here, strong currents like those of the Pcnt- 
land Frith, would set through it, and not only prevent any new de- 
posit of matter, but sweep away much of the old alluvium. When the 
sea subsided below the level of the \*%&h of Bollat, tlic currents would 
cease, and the destruction of tho ancient deposits would be arrested. 
Tho mud, t>aud, and gruvul, poured in by tho Forth, ihu Teith, the 
Allan, and utlior strejiius, would m> lunger bo swept away, but distri- 
buted by the ulternato inutionH of tlie tide, firtit along the shore, and 
ultimately over the bottom oftlie valley, replacing those portions of tba 
older alluvium which had been carried off. Even when thocurrents held 
their free course across this part of Scotlond, portions of the older allu- 
vium would escape ihcli- action, and remnants of terraces formed of it, 
no doubt exist ; but, if my argument is good, continuous well-marked 
tarnces should not be looked for in the dititrict alluded to, at an eleva- 1 
tion much exceeding th»tofth6Pas8,whirh ij* 222feet. Tosuch causes 
I think the extreme rarity of ancient marine terraces, except at low 
elevations and in sheltered localities, may bo ascribed. With regard 
to the i-idgo k in scctioa 3, therefore, neither its height (155 feet),., 
nor tlio absoncu- of terraced deposits at corresponding elevatioas else- ' 
where, form any valid objection to its being considered as part of the 
bottom of the ancient sea. From its shape, and its evident trunca- 
tion on tlte south side, I infer that it was once many feet liighw, aod < 
that it probably formed a. shoal behind the barrier of Abbey Orag.' 
"We find a similar tihoal in the present Frith on both sides of Inch 
Golm, where tho water deepens suddenly from 3 fathoms to 15. 
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(See Thomns' Survey). Taking \t& beigbt as its stands, I sliall call 
it the " 26 fatlioni tflrrace." Portions of otliery, ttill higher, probably 
exist. The village of" Doune, ftir itistarce, staiwls upon a terrace, the 
elcratiou of which nbovo tho sea J eetimatcd at 100 foot. 

In tho part of Uto vnlivy of Uio Forth below GrHiigcmuuth, the 
action of currviitii would lie /rcotcr ntid luiigvr wntinued, the Vwm 
by the Kelvin being 70 feet lower th;in by Uie Endi-ick. Terraces 
so distinct and continuous as the 22 futhom terrace, and at such an 
elevation, should not consoquontly be looked for there. Four sqc- 
oessive terrace"! may indeed ]ie traced on the ground extending from 
Curstorphino Jlill to North Leitb, at various eicTations np to more 
than 100 feet above tho sea; but tlie higher ones, iustond of being 
level, have a considci-ablo incliuation to the east, and are, in other re- 
spects, not so well marked as tliat in scetion I. Besides, the straight 
longitudinal furrows, two or three furlongs broad, on tlie BurfaKe of 
tho higher ones, soon) to indicato tliat tho allurium of which thoy aro 
composed, liad undergone a proeetis of denudation, which materially 
altered its external fonri. 

Kcturuing from this digression to tho terraces above Stirling, I 
liavc shewn that indications cxiiit there of tho sea having occupied suc- 
cessively four diiitiuct levels, exclusive of the present one. 

First, The bottom of the saa was so much below its present level, 
that its waters deposited the sand and gravel seen in tho ridgo A, in 
section 3, which I have termed *' tho 26 fathom terrace/' 

^'eww/, Tho bed or bottom of the soa rose SO or 40 feet, laying 
dry much of its ancient shores. The *' 22 fathom ten-ace" (a 6, &o., 
in section 1. ( in section 5, and f' in soction 3), is a portion of its 
beach when it stood at this level, and it had remained here long aiough 
to eat away nearly the whole of the elder terrace or shoal k. 

Third, The bed of the sea again rose 50 or 60 feet, when the ** 11 
fathom terraces" (0, in section I, £" in section 3, and m in Gsction 6) 
were formed, and wore then portions of it$ beach (Soe also dc,mn, 
and 0, in the map). It remained long enough at this level to eat 
away all tho " 22 fathom terrace," except tho fragment abed/ on 
the north side of tho valley, and the fragment j?^ on the south side 
(See the Map). 

jPourM, The bed of the sea again rose 35 or 40 feet, and the water, 
of course, retrentod into a narrower channel as bofore. It now merely 
covered tho Carae, tho margin of which oonstilut«d its beach, and it 
remained long enough here to eat away all tho older beacli of the 
"11 fathom terrace," except the portions d e and m n and 0, in the 
map. Agreeably to the terminology adopted, the Carso might be 
called the " 7 fathom ten-ace." 

Fifth, The bottom of the sea rose 40 feet, the waters again retreated, 
laid tho Cnise dry, and settled at their present level ; and the tides, as 
befoie, are renewing thuir duprodationg on tho land which tliey for- 
merly covered. 




Ml* Edmonds Jan. on Thunffer-ttorms 



It musl not bo assumed that llio Burfaco of tlio Ctirso, wbon Us' 
under tliti sea, was as level on ii itow n[>i>oar«. Tlio autiuu uf the 
streams in incanderiiigtlirvtigh it for smno thousntids of years, an<l the 
growth of pml aftorwards filling up the hollows, would contributa to 
pijttnlize tht' Biirface, which, af^r all, is not so IctoI as it se«nis. 

Tln' deepest part of tho present Frith is at Quetinsforrj", whor« 
tho erosive wition of the title has been greatlj increased by tho con- 
traction of the chaiinol to a nan-ow gorgo 1 niilo in breadth. When 
the M& covered tho Carso to tho depth of 60 or lOO foot, the Bpaoo 
between Abbey Crag and Stirling would form a gorgo ctinilar to the 
"Ferry, and we would oipect to find it equally profound. Accordingly 
Mr Bald informs us, that though a bore of 30 feet gcneraUy readiaa 
the rooky bottom eajstward from Abbey Crag, no bore bos avor reached 
the bottom between Abbey Crag and Stirling. (Statistical Account 
of Logio Parish), 

Tlioro is a terrace on tho cast side of tho road from St Ntniaas to 
Stirling, which is probably u romnaut of tho " 22 fathom buach ;'' and 
between Grangemouth and Falkirk there is a succession of terraces, 
^e highest of which, I think, ha.i nearly the same eleration. 

The western part of Domyat presents many abraded surfaces of 
rook, I'hey are well Keen on the cart-road that passes up by Logie 
Church. At one spot on the road, the height of which 1 estimated 
at 600 feet, I found very distinct strife, whoso dirootion was WXW., 
and ESE., which is very nearly the boaring of the valley of the Forth 
from Stirling to Grangomouth. 



On the Great Thunder -ttcrtm and Extraordinary AgitatiottM 
of the Sea, on 6th July, and lat Aiiguaf. 1 846. By Hu'lIAKD 
Edmonds Junr,, Esq. (Road at the Peuzauce Natural 
History Society, on 11th Angust 1846.) 

The extraordinary agitation of the sea in different parts of 3Iount*A 
JBay at the commeni^ement of tho great tLnnrter-atorm whieli passed over 
Britain ou the otli uH., wus notioed at the laat meeting of this Society.* 



"' The fuUnwttig Is th« d<>fctrl]itl(>i) glv«ii nf it by Mr BdnMioil'' : — *< Tb« pr«> 
pImi tlini- wlirti thf osciUalioH of the 5th of .fuly ccmimoucvd \ c&onot learn, but 
it was observed at Mnrnzion b» «ir3y &s half-p«at four in Uib niortilng, inUD«- 
dlfttely after a ti^rrJAc thtitirlnr-qtoriii, the tide being about four hours ebb. On« 
of th« per»oti§ who witDosfid th« extrBordiuary motion nnd ngitAted vtstoaf tb« 
wrUt laid, • the H.iii N>i.imi'il an if it had been struck by tho lightning,' It "Waa 
observed at rcnzaitco anil NfiM-lyn between six mid Bovcn a.m., when tlio at- 
tenllon nf » (klieniiaii, in tlin lntti;r place, was arreted by iMing tha bow« of 
the bufitB, moored near thethore, not aa UBUid facing tba wind (then nUint N.) 
but turned agaimt a current whifb ^mu movlog ulterDatcly N. aad S. Doata 



and Agilations of the Sea. 



I have Tiow to notice a simriar plienornenon oltBerT<>d at IVnzanro I'ier 
earljr in tlio niomJng yf the l^t inslant, wlien a still ni«r« dreoiSful lliun- 
der-ttt4rni vittUd the tuetrajioHa ahiI other partfi nf Kngland. 

I would previoiuly. however, make a few rumarlsa on the •lorm of 
July. It niuBt (laTc V>wn felt on thn Atlaiilin on tfie 4th. a« much dis- 
tant liphtniiig from Ihc S. and SW. was »cen in Mount's Bay befora 
■michiight. nmJ eortiinied until betwfpn ^ luid 4 o'clooli of the following 
morning, when the fierce lightning and thunder frota every part of the 
liciivcns becMiiiP truly alarming. A» the utorin proceeded from Mount's 
Bay, throuj^hout Cornwall, lowarda the E. and N£., it grew still more 
Tiolont and dei»tnictive. It reached l-lxetcr hetween 8 and 9 a.m. ; 
Windsor, between 2 and 3 p.u. ; and London at balf-post three.*' In its 
jHMigrou townrdfl the north it was felt throughout Somerset shiro hctweon 
8 and 10 a.m. ; at Leeds about 3^ i'.M.; at Penrith, Dumfries, Ayr, ond 
Gla¥[fow, between 3J and 4 p.m.; at Edinhur^li 8»on after 5 ; and at 
Diuidc<!, and in Argylesliiro, about 7 p-m. Tkus tlio Ftonii. u^ it advaiiMid 
from Mount's Buy tuwardu tliu east, moved at thu rate of only about ^0 
miles [ler hour, whiUt its progresa itorthward was ah«tit SO. 

In many pinces both the lij^htiilrg and tho Ihundor wuro incessant 
during most of the atonii. A whirling, fitful, or " wihl kind of wind," 
accomjianied it, with heavy rain, and ocuasiunolly large hoilsloiioa. At 
Ayr and Wnyhftle it was preiiCMled by a whirlwind of remarkable violence. 
At Walsall a whirlwind tore up trees by the roots. 

The temperature on the 5th of July was unuKually high, not only in 
moat porta of England, but on the Continent. The thermonietor at 
Cheswiok was 9A^ ; at Bi>ston, tn Linculnshire, 90' (the hotlest day since 
31it July I82e) ; at Manchester 87" ; and at Paxil 97^- 

Befora the etorm comtneneed in Kent, one of the largeet flights of but- 
terflies e?er seen in this country completed its passage from France to 
England. For many hundred yards it cjuitc obscured the sun. " During 
the paBBage the wfathcr was calm and sunny, but an hour or bo after they 
reached tcn-a /irma, It came on (o blow great guns from SW,, the direc- 
tion whence the insects came." 

Tlio stonn of July was notjelt m London and the eastern coasU of 
Britain, so severely ae on the weatem. Hut the storm of Ist Auguat, 
which visited the iraL-trciinjlis and its neigh btmrhood, was more terrible 
than any esjjeriein!i.sl thero sinw tliiit of tho ISth of May 1609. It coin- 
meneed at <tb. SOui. r.u. In thu i^Ibtcorological lleport from the Oreon- 
wich Observatory, it is stated that at Lcwisham the hailstflntB " were 
nearly all as Iut^o uh pigeons' eggs." It was felt severely the name even- 



whtch liad befrn loft by tlio tido In Penzance, St Mlctinrl's hlount, and Xew- 
lyn, were agnin floated nnd t«rt dry — the rise aud fall belog b«twc«n thni« and 
four feet. The intci^-ul fiijin the cunimenrcmcnt of one Influx to that of the 
D«xt was about fiftoen minutes. The l!ux and ri^flux wi^re groatest in Pcuxanca 
Fler, but w«re ohf<prvpil thpia only once ; wher«ait,Bt Maration and Newlyn, 
tliey were noticed two or three times nctxesMVPly." 

* In the Jowriml dt* Lelatt waa the following communication from Uarra, 
dated 6Ui of July :— " Ynstenlny, at five i*.«., a violent •torn fodtlealy roSB 
from tlio wcct, and still continues ai)abat««l." 
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inff Rt KMt Waldon, I^Mester, and Nottlog^ham, and before midnight it 
SouthuDptoa ind Piru, Aboni 1 a.m. *>( tliw <li.y an extraordinnrjr i^ 
tattoti (if tbo tea wu obKTTed at I'enzsnce Pier hy the labouren em- 
pli>)-{.'tl lhor«. tho tide bcintic about Atc hours ebb, and the vea very cilm. 
Tlio waler sudtlcnly returned towardB the thore, rising bBtn-oen 1 »nd 3 
foet, uid oiUr au af-|)arcnt pause, rushed back '' like a river," to its for- 
aOflr level — Ihp limo occuju'od in the influx and tho reflox, including tlia 
tiin« the water ■i>poar«d to be itatiunoty, wan about six minutes. 71k 
flux and reflux were ohMrrod only onre. 

In iMJiiian tho thenaometer on this day ww 69)° in the abide, u4 
ntl' in the sun (the latter the maximum for the year), and throughoot 
the prcriou* night it did not descend below "Hf ; at Paris it was Oif a 
great jnrt of tho day. At Penwnco the nights of the :29th, 30lh, and 
31«t of July, ireru tha vumeit of tho ye«r. On tho 30tb a ttirrific 
ttiundcT-slomt, with heavy rain and hail, occurred in ^fount's llay, and 
thmit^liout Cornwall, and also in WalcH and Cumborluid, frotu whlofa 
time, until atler tbo great stonu of the Ist of A'lgutit, the attnov[ilieni in 
CunivrsU, London, and probalily thrauifhout Kngland, vas not only waj 
saltry, but highly charged with aloctricity, whilst vioU-nt thunder ^tonni 
wore expertenoed in varioiu plnoea. 

An earthqoake shock woi felt along tho Rhine on the evening of the 
39th of July — the mooa's lint ijuarter was on the 3lBt~and tlic abla- 
tion of the sea above described (the result perhaps of a submarine shock) 
happened on tho 1st of AnguBt. 

In eonchwion, I may remark that, with only one excBption, all the 
Mhovka of the earth ami exl«u>riliiiary osctllatiims of the fiea in Cornwall 
durin)^ the present oentury, whose dates are known (and which arc eight 
in number), have hapi<oni?d nearer to the moon 'a first change or quarter 
than to any other. 'I'ho exoeption is the shook of Ut« 20th of Outohcr 
1937» the day before tlie moon's last ciuartcr. 



Eieoenth Letter on Glaciers ; Addressed to Professor Jaifwson. 
{L) Observations on the Depression of the Glacier Surface. 
(2.) On the Relative Velocity of the Surface and Bottom of 
a Glacier. By rrofeesor J. D. FoRBfis. With a Plate. 

My deak Sir, — In my Teuth Letter on Glaciers, which you 
did me the favour to publish lately, a question was discuascd 
respecting tbo appai-oiit dfpresaion of the surface of a glacier. 
1 had already pointed out in tho first edition of my Travels, 
that several causes combine to produce this depression, but 
that observations were wanting to distinguish thcca. The 
causes then enumerated were (if I mistake not) these : — 
1. The actual waste or melting of the ice at its surface. 



2. The subsidence of the gluu'ier iu iU bed, owing to tbe melt- 
ing of its inferior suvfttce, whether by the heat of the earth, 
or that due to cuirents of water. 3. Tiie effect of the draw- 
ing out of the glacier where it is in a state of distension, 
which tends to reduce tlie thickness of tlie mftss of ice ; 
(when a glacier is violently couipresaetl tlic effect will bo 
contrary, or an deration will result) ; to which may be added 
the influence of the (dope of the bed of the glacier, by which, 
tM it movea forward, ita absolute elevation is diminished, or 
the contrary if it asc^ends- I had also pointed out a method* 
by which the first of those effects, or the absolute ablation 
of tlie ice (as it has been termed by M. Agassiz), might be 
distinguished from the other two, namely, by di'iving a liori- 
zoutal hole into tiie wall of a. crevaase, and obscn'ing the 
diminution of the t]iicktm».s uf the stratum of ice above it. 
The partial and total effects I have observed in the following 
manner, during the present summer, on the Mer Je Glaoe of 
Chamouni. A crevasse, nearly vertical, and of no great depth, 
was selected, running in a direction transverse to the glacier. 
The most Tertical wall neai'est A (Plate V., fig. 1) is always 
that the least exposed to the sun, and the waste of its sur- 
&ce is very small, unless in the case of rain. In this wall a 
horizontal hole C was bored, to the depth of at least a foot, 
and was renewed from time to time. The depth at which 
this hole existed below the surface of the glacier was deter- 
mined by stretching a string AB across the crevasse, and 
measuring by a line the vertical height from C to AB. Tlie 
variation of this quantity gives the actual fu^oa of tho sur- 
face, free fram the errors mentioned in my former letter. 
It is, of course, very variable, depending on the weather as 
well as on the place of experiment. Opposite the Moutan- 
vert, about 2t)0 feet from the aide of the glacier, during the 
hot weather of July and August 1846, the ablation amounted 
on an average to 3-C2 inches per day ; at a higher atutioa 
between the Angle and Trelaport>e (opposite station Q of 
the year 1344, gee Eighth Letter), it was only 2'73 inches. 
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the ice bein^ also remarkably clean anil white, and the di»- 
tance from tlie western bank uf the glacier 553 feet. 

The Kubaidence of the glacier in its bed, or the difference 
between the geometrical depression of the 8m*face and the 
ablation, was very easily and most accurately obtained iu the 
following manner. The theodolite being placed and levelled 
on the ice in the neighbourhood of the place of observation 
(not necessarily always on the same spot), the heiglit of the 
horizontal wire of the telescope above the horizontal hole 
pierced in the side of the crevasse, was noted by directing 
the level upon a measuring tape divided into feet and inches, 
the ring at the extremity of which was passed over the bor- 
ing inatrnment, which was then firmly adjusted in the hori- 
ntal hole. The reading at the telescope gave the height 
of the eye at the moment above the hole in question. The 
level was then directed against a fixed object on the moraine, 
where a cross bad been cut in a stone as a point of departure 
for the vertical height. The height of the eye above or bo- 
low the fixed point was measured, and the sum or the differ- 
ence (as the case might be) of this measure and the last gives 
the difference of the level of the horiKontal hole in tho ice, 

^H and the mark on the moraine. The folloxring may sei*ve as 

^Ban example :^ 




Station U, near Montanvert. 



1MB. AU|. I. lib r.t. A(i<. S, r.H. 



Diffbrmiec. 



Horiiontal hole C b»Iow A ..B, 

C bdow Thcodolitn, 

Crow (4-) U Wlow Tbeodollu. 



^ 



Ft. In. 
9 83 


Pt. Tm. 
S 7-0 


13 T-a 

2 38 


11 &-8 
1 50 


10 am 


10 18 



fl-3 incbossoWiMfow. 



ClKlow(+) U, . 10 3MI 10 4 8 1*4 inclie)i=»M4m«, 

Of course the horizontal hole may be renewed as often as 
convenient, all that is necessary being to ascertain the dif- 
ference of level of the old and new hole. 

In the preceding example (which has been selected by 
chance), the subsidence bears an nnusually small porpoHion 
to the ablation. At the station in question, the avenige daily 
ablation in July and August was 3'62 inches, the average 
daily subsidence 1C3 inches. The sum of the two, or the 
l^metrical depression of the surface 6-25 inches, whereof 



iCHer on Glaciers. 417 

ggpen-ZenlJis were produced by ablation, Ihree-tenlht by sub- 
sidence. These relations, together with tbosc opposite the 
old Btatiou Q, ai'o sbewa in oue view in the following table of 

Mkan Results. 






Statioh U. 
Station Q. 



fi'j 



Ipebea. 
21-2 



Daily 



302 
273 



Dally 
SvbtiUonc* 



0-97 



I i'ropurtiirn doe lo 
licumetr. I 

Dci>r*ui<inJLbUUun.l Suhttd. 



0-25 
3-70 



-60 
•74 



■31 



The last two culumus shtw tlio effects of the ablation and 
subsideucti in linnilredth parta of the wliole dopresaion. 

As we Jo not ItnowcoiTcctly the slope of the bottom orbed 
of tlie glaoier, it is impossible to estimate bow much of the 
subsidence is owing U> the declivity. It is probable, however, 
that the greater paH of it may be tJms accountedior. The 
amount of geometrical depression agrees well with that as- 
certained by me in 1842, at the Angle, which is in a positiou 
intermediate between the Btations U and Q, but nearest to 
Q. During the height of summer, (. e., from the 26th June 
to the 28th July, the daily depression was 41 inches.t 

Relative Velocity of the. Surface and Bottom of a Glacier. 

The infiuence of the sides or walls of a glacier in reianl> 
ing its motion Interally, was demonsti-atcd by my first obser- 
vations in June 1842 ; and the same cause might well be pre- 
sumed to inHuence the motion of the ice in a vertical plane. 
That the superficial ice should overflow that which presses on 

* Tskfla from ths obtcrvaUon of tb« neigh boa ring mark DS. 
f At >OiDe numerical or ty[>ngnn»hi<;al errors have slipped iuto the Table of 
Depre«ril(ni9 of tlio LcvH of tlio Ice nl ibo AngU in 1842 (Travels, p. 154, 
3d Edit.), I tallo tbis opporLimity of corrficting them, wftrr n cari'ful compsH- 
ton vrltli my Ilot4^-b(K>kB. Tlio ubscrvcd depi'i.L»>it)ii from Junv 26 to Jun« 30 
ougbt to Ic 1 Tl -i-tt ill,, Lnetead of I fl. 90 in. ; ami tbe daily dt-'preiwiun ohould 
In tbu following — 

1842. Juno 2t>-'Juna 30 4-1 Inches. 

JunoSO— July S& .... 4-49... 

KJuly 28— Aug. 9 3-»2 ... 
Aug. «-.S.)pt. 17 30fi ... 
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the bottom, seems a simple corollary, from the fact that 
Ofntrc of a glacier flows pant tta aiJoa. Even admitting 
irregalariiies of tlie boltoiu to be less tbau ihoae of the lat^* 
ral expansions and contracttona of the valley, tbo coormotis 
pressure on the bed must generate a friction proportionally 
great. Some persons buve, however, found so much diffi- j 
cnlty in ooncclving the fact of varying Telocity iu a vertical 
plane (notwithstanding the evident analogy of a river\ that 
I was glad to take an unexceptionable opporttmity of demo^^J 
atrattug it^ ^H 

^^ I have already shewn, at the close of my Sixth Letter, that 
^'the effect of friction in retarding the rate of motion, mast Le 
most sensible nearly in contact with the soil ; and that when 
the glacier is of great thickncas, the upper part of it (to wlnoh 
alone we have access) may be expected to move uniformly, 
or sensibly so, which accounts for the approximate verticality 
^fef moat crevasses, during the limited period of their exist- 
ence. It is, therefore, near the contact of a glacier with the 
^sabjocont soil, that the most sensible effect may be looked 
Hfbr. 'l*he ci re am stances which first suggested themselves to 
me as the most favourable for such an observation, were 
where a glacier emerging from a gorge, or from between a 
double mound of its own formation, falls into a valley, and 
presents for some space lateral faces of ice, not, indeed, quite 
vertical, but still very highly inclined, and which i-epose im- 
mediately on a bed of nibhish, which, if not tlat^ but sloping 
somewhat towards the centre of the glacier, might be consi- 
dered, beyond cavil, as the floor or l>ed on which it rests. But 
»a cai*eful examinatiun of several glaciers with a view to such 
Bn experiment convinced mo that, even if successful, it would 
not be conclusive. For it .ilmoat invariably happens, under 
these circumstances, that the glacier, being no longer con- 
fined laterally, tends to scale off by means of fissures parallel 
to its length (as In fig. 2.) ; and even if these fissures do not 
give rise to a sensible sliding of the surfaces, they indicate 
the direction of the twist to which the ice is exposed by the 
more rapid motion of the centre. To avoid misapprehension, 
I here repeal that such a tendency to scale by means of lon- 
itudinal fissures, occurs only where lateral compression is 
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wanting, and there, coasequently, the veined structure h al- 
ways feebly developed. 

1 succeeded, however (though not without difficulty), in 
establishing points of observation in the terminal face of the 
Glacier dcs Bois, at Ch»inouni, whose relative position will be 
understofKl from the sketch of a front view of the glacier, 
fig. 3, and from the vertical section parallel to the length of 
the glacier in fig. 4. It will be seen by tig. 3, tliat whilst the 
lateral parts of the glacier wore fissured and scaly, in conse- 
quence of the action described in the last paragraph, the cen- 
tral mass was exceedingly compact and uniform. The ter- 
minal face of compact ice was inclined, at the point selected 
for experiment, at an angle of about 40" to tlie horizon, and 
the three stations (1.), (2.), (3.), were selected one above the 
other, in a vertical plane passing through this face in a di- 
rection which was judged to be nearly that of the progpessire 
motion of the ice. Any variation in the motion of these three 
points could only be imputed, to the effect of tlie friction of 
the soil, for by the progress of the glacier each would pass in 
succession vertically over the same spot. The position was 
also unexceptionable in this respect, that the glacier is hei^ 
subject to no extraordinary constraint. The sides are free, 
and the base rests on a bed of rubbish and debris nearly flat, 
therefore ofFenug no fixed bai-rier to the forward motion of 
the ice ; the retardation, if it exist, can only, therefore, be 
due to tlie ligitimate effect of friction. The glatjjcr, too, is 
here seen from top to bottom, for lite contact with the soil is 
only concealed by the trifling mound of rubbish not many 
feet in height, tihewu at M in fig. 4, which it presses beforo 
it ; the gravel between M and X being flat, and untouched 
by the glacier for many years. The lowest mark (1.) was esti- 
mated at not less than 4 feet, and nut exceeding 12 feet from 
the real base or soil of the glacier. The mark [2.) was 40 feet 
vertically above (1.), and No. (3.) was 89 feet vertically above 
No. (2.) From the analogy of the lateral friction of glaciers, 
and from the phenomena of rivers, it was anticipated that 
therctanlationof (l.}upon (2.), and of (2.) upon (3.), would be 
sensible, but that the fonner would be greatest, which the 
results confirm. 



i 



facun. 

The progfcss of ctuJj point, as well iu du'eclion ofi in 
amount, wus rigorously deter mined bj a trigoiiomctricAl 
process, refcwnco being had to two fixed stations, one of 
which, X. aeon in fig. 4 was In tbe original plane of tite 
points observed, llie oUier was 75525 feet distjint to the 
light baud ol* fig. 3. The choice of stations was Hinited hj 
the peculiar Uical circumstances, and waa not otherwise the 
most desirable. The continual fall of blocks which bounded 
with great velocity irora the terminal face of the glacier, 
rondei-ed it necessary to consult the safety of the observer 
and tho instrument ; and in oi'dur to plant and maintain the 
wooden pins which marked tho points (1.), (2.), (3.), it wiw ne- 
cessary to commence by laboriously removing the blocks luid 
rubbish froui tbo surface of the glacier above, whose fall 
would at every instant have threatened the safety and even 
the lives of ray nssisianta. Two men were laboriously em-- 
ployed for some hours at this task. 

Circumstances prevented me fi*om pursuing tliese observa- 
tions fur more than five days, which was to be regretted; but, 
in this timo, ample evidence was obtained of the existence 
and amount of the effect of friction in retarding ttie lower 
ice. Less tban 50 fcfet of tliickness between Nos. (1,) and 
(2.) corresponded tfl an apparent acceleration of ttearty ha(f 
thn Motionr at fhe lutcer puint. The I'atius of tlie motion at (1.^ 
and (2.) were, by three independent sets of obsei-vationa, 
, 1:1-41 . I :l-.*iO , 1:1*49 

the acceleration of (3.) upon (2.) was (as anticipated) leas 
considerable, iiud also more <Jitlicult of connect estimation, 
owing to the gi-cater horizontal distance,* but the following 
results appear to be worthy of confidence. 
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Kutio9 1*00 1*46 lOJ 

Angle (f) made by the motion witli 

the diroction of X, . . . 5°.0 S^-S I0''*l 

* The Iwrlzontil dtstancvs cf the points <1.), (3.), (3.X from X were at UlH 
camBifn<'«iiicnC of lli<- olM'orvntioni'. 9'!i-7d, 138-0, und S-ICS fcft 
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!nie three points being approximately, 8, 54, and 143 feet 
above the bed or floor of the glacier. 

These results have been computed by the following for- 
mulas, which may be useful to those desirous of repeating the 
observations : — 

Let X and x be the two trigonometrical stations from 
which the motion of the points (1.), (2.), (3.), are observed. 
Let 6 be the angle under which X and x are seen from one of 
these points. Let p be the linear transversal movement of 
the point as seen from X (deduced from the apparent angular 
motion and the known distance of X). Let q be the similar 
quantity with respect to ar, which will have the same or con- 
trary sign with p, as the apparent motion from the two sta- 
tions is in the same or in contrary directions. Then the total 
motion of the point observed (which is assumed to be small 
relatively to the dimensions of the triangle, which has X, x^ 
for two of its corners) will be 

T^=^q + (^q cotan d~ p cosec 6f 

and the angle (p) of the direction of motion with the visual 
line through X, is found by this equation 

EiD a = -^- 

^ r 

I shall take the liberty of addressing you again, as to the 
farther observations which I have been able to make, in 
another letter. — 'I remain, my dear Sir, yours very truly, 

James D. Fobbes. 

Labos, Atbshirb, Idth Sepumb«r 1846. 
To Profeseor Jameson. 



SCIENTIFXC INTELLIGENCE. 

METEOROLOGY AND GEOLOGY, 

1. Sulphur in the Atmosphere. — M. Boussingault lately made a 
oommonication to the French Academy of Science on the niuoh-dis- 
puted point of the presence of sulphur in electricity. It ia generally 
stated that an odour of sulphur accompanies the electric fluid. This, 
however, has been positively denied by many natural philosophers. 
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Scient^c InteUigeHce—-Mete4>Tol0g*/ and Gtoiojfy. 

M. BoDn'mgatiU oondudes from some experiments on metftllic buV- 
Btanccs, wliich hare been exposed to the kction of eloclric fluid, tliiit 
lulplmr ix aUajs [tre^viit in such caxctf. 

2. On Cleavage of Slate-Strata. — Frufessor H. D. Rogers garo 
the Meeting of the Association of Amcricati GcologisAs, in April 1B45, 
an oral absti-act of a paper bj biniself, on the direction of the &lu^ 
oleAraAOs in the strata of the south-eaatam belta of the AppalacKiDn 
obain, and the parallelisnt of the dearaga dip with tho planes of 
maximum temperature. 

ilo prefaced his communication by a brief sketch of tho reseftrcb(s 
of Protessor Sedgwick and Sir John Hyr^cht•U, in n-laliun to clcnrage, 
which proTu that it is a structural coudtLion in rocks, irrespectiro uf 
thoir dip, and is the result o( molecular foiTes dercloped in llie atrata 
subsequont to their eleration and contortion. 

lie then proceeded to a desciiption uf tho direction of Uie cleavage 
planes in thu Appalachian chain. Bjr the aid of a general section 
and a diaj^ram, it tvas shewn that, throughout the soutb-eastem 
belts of the chain, and in the region of the nictumorphic Htrata Btill 
fartlier towards the south-east, the strata lie in closeljr coropreei«d 
antiidtnal and synclinal folda, the medial, or axia planes of which, 
dip at o i.toep anglo almost invariably to the south-east, or some 
point between (he couth and the east. Nuw> it is a general fact, 
establislicHl by his own observations and those of TrofesBor W. B. 
Rogers, that, from Vermotit to Alabama^ the cleavage dip is likewise 
towards the south-east, and therefore nearly parallel in direction and 
steepness to the anlidmal and synclinal planes, Tliifl prerailing 
parallfllism of the cleavage surfaces to the belts of maximuoi eruit 
and frft'.-ture in the strata, is suspected by the autlior to obtain also 
in other countries, and is regarded by htm as having an important 
connection with the mode in which cleavage has originated. 

lie called attention to tho circumstance, that the anticlinal and 
synolinul plnncK constiliile in tliese clo-sely plicated blmta. so many 
pai-altel and steeply dipping belts of fiMsnrcd and dislocated rock, 
more readily permeable tli.in any of tlio atlier parts of tlie ma», 
to the intensely heated steam and gas, nhicU liu supposes to bare 
issued through the crust of the earth, while tho folding of the strata 
was in progress, as ic now docs to a less extent during moJorn earth- 
quakes. Tho hut effluent vapours would impart their temperaturo 
along the anticliniil planets ; and thus tho wholo body of the strata 
would Consist of a series of alternating bolts of heat, or more pro- 
perly of steeply dipping planes, alternately warm and oold. This 
sytnmelrlcal and parallel diKtrihutJon of the beat seems to be precisely 
that which ought to inipai-t through the new polarities it would awaken 
in tho mass, a corresponding symmetry and poialleliwu in tbo pianos 
of maximum and niiminum cohesion, or, in other words, the planes of 
olearnge. The conjecture ibat they liaro been thus produced, finds 
oonArmation in some facts mentioned by Professor Philips, in his 
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Treatise on Geology, in Lardner's Encyclopwdtft. In tlie coal- 
measures near Nowcastle, tho common shalo losea its ordinary Lori- 
aontal lamination near tho TOrtical sides of a basaltic dyke, and ovor 
a width of a few yards, it prvsonts numerous vertical divisional planea 
parallel to tlic faces of tbe dyke, not more than half an inch apart, 
and analogous to the clijarage planes of slato. He likewise nipntiana 
that A cloavago structure o<!oun! parallel to the great Crnren fault. 
Professor Philips views the cleavage of slate an a nietamorpliio sti-ue- 
tiire, produced by heat, exerted either primarily, or through the 
agency of oloctricity, in superinducing a new jKilarity in thy pnrtiolts 
of the rocky mass. 

Tho main object of Professor Rogers Js to state tlie general fact 
of the approximate pai^Uelism of the cleavage dip, and the anti- 
clinal and tyndinal planes of the closely folded strata ; and also to 
point out tho general law of their parallelism to the planes of maxi- 
mum heat. — Procfrdittff* o/ tfm Sh^fh Annuril Mcetinff of the As- 
fodniion of Amfriran Gtoloijtsts and N^ctTtraliats, April 1846, 
p. 49. 

3. Eartfttfuake in Tuscany. Marsnltes, Idth August. — By tho 
Virjjile, just arrived from Naplus and tht: It.iliaii coast, we learn, that 
on FritUy, tlio 14lh instant, a most violent earthquake was felt in 
Tuscany. The church of St Michel, at Pisa, was gi-eatly shaken ; in 
tlie country, tho eartli opened at various places, and v.miitod forth 
muddy and boiling water. At Leghorn, tho bitlls in the different 
oliui-oh steeples rang of tlieir own accord. Thft Hisa,stroiiH efFocts are 
not so considerable in tho town as in the neighbouring villages, wbcro 
many of the liousc:^ woix- tlirown down, cind the frightened inhabitants 
flew to thu open fiehla. Tho Grand Duke, informed of tho disaster, 
untneJiately ordered provisionii of orery doscriptian to be sent to (ha 
unfortunate suffei-ers. Theearthijuake was first felt about one o'clock 
in tlio afternoon of Friday tho i4th instant. Tho Tillage of Oi-clana, 
about SOmiles from Leghorn, has fiurteredcunsiderably- llf 120 hoitees, 
only 2 remain standing; 59 persons wore killed, and G5 wounded. 
Most of tho house.'i at Leghorn liave large cracks in the walls. Tha 
flags of the pavement were raisml, hut closed again i muted lately. The 
evont caused great anxiety at Leghorn, and tlie people took the pre- 
caution of sleeping iu the fields outsiilo the town. At Pisa, tho church 
of St Miehol wan thiuwn down. An hour previously, the church was 
orowded, and ihe door was fioiircely closed when the roof fell in. Tho 
shock lasted for three seconds, and waj* followed by a muffled and awful 
sound, like tho report of a distant cannon, and people staggered in 
Iho Ktroots. A letter from Leghorn, of the ITih, states : — *' Our 
town has just been thrown into groat alarm by an eai'thquakc. On 
the I4th, at 10 minutes to 1 p.m., the first shock was foil, preceded 
by a rumbling noiso ; the fihock lasted 7 or 8 seconds ; the oscilla- 
tions seamed to be at first perpend ion lar, as if the gnnmd was raisetl 
in a dirocllon nortti-eabt to north-west. The iucLination of the houses 
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wu hucli at tUat inoniont, tliat it was diETmuli to stand upriglil in ibeOi 
&iiJ the cnurkitig of tbt; walls and bvams warned tliv liiUabitaiiU, who 
nihlit-d into UiQ streets. Tlio woiueu throw tbeuiscUea uu their knees* 
iuiptoring tbo aid of tho M&doniia du Montonon, patroness of the totroi 
and tiic men doroutljr crossed tlieautelvea. During ilio night. difTereot 
other Bhocks were f«lt. The earth seemed to be iii aetata of cottrul- 
hion ; the sky wag cloudless, but there was a thick haze, which did iwl 
foil to make a ttitiistor iinprossiun. In tlio country, tho effects wc» 
Diure di»uytruii!i, principally in tho filart'iiime, where aiiclent traces 
of rolc&nic eruptions art? numerous. Whole villages were destroyed 
in tlio districts of Taulia, Lnurenzana, Corciana, and Casciano. Ai 
VoUeus, a state-prisun full in, burying some of tho j)risoner£ in tlio 
ruins. The number of lives lust is ehtiuiateil at 38, and 140 wounded, 
some dangerously. Various natural phenumena occurred ; near Lo- 
renzuna, and at Treiona, tnudily and boiling water iesued frooi tba 
oartli; a lako was fomit-d in a hollow. All the villas on tbt.> bllLi 
near Pisa liavci>ufi'ert:dconiiiderabIy. For the last four days the ground 
has not ceased to aliako at iiitervKls. In the present shaken atate of 
UiQ houses, another powei-ful shock would be the ruin of Leghorn. 
Part of tho population has UW tbo town, others live in tents, or haro 
sought refuge in boats."— Z'oti'^y Newt^ August 25, 1846. 
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PAL.EOSTOLOOy. 

4. Discovery of New Species of Fossil Frog in the Tertiary 
FoTinatiana of the neighbourhood of Oan-xftruck. — M. Duuker ba* 
found small bones of frogs in the shelly and ooraline gravels of Hel- 
lern, not far from Oanabruck, which belong to the tertiary epoeh. 
31. H. do Moyer, who haa examined thom, has detected at least thre^ 
new species, which may he diistinguibhed from each other by tho 
forms of the humerus. This same bone had already enabled this 
Bkilfiil paltet>ntologi3t to establish twenty-four species of frogs found 
at WeiKenaii. Nona of the humcn discovered at Hollem are like 
those belonging to these twenty-four ppeciei;. The other bonn, 
euch as those of the Eaorum, tho fore-arm, and pelvis, appear to in- 
dicate more analogy between the epocios of these two localities.— 
Leonfi. and Bronn, N. Jahr G. 1815, p. 708. 

6. Two New Species of Fossil Bat tn the Tertiary Formations 
of Weisenau, — The Clieiroptera have rarely been found in a foissil 
Etate in tertiary formationH. We kiiow of none belonging to tin's fa- 
mily, in deposits anterior to the dihivian epoch, except tho Vesper- 
tilio Parisiensis of the Montmartre schists, of which only one indi- 
vidual is preserved in the mm<oum at Paris; and two small teeth 
found ill Iho eocono sand of Kyson, and referred, by Mr Owen, witJl 
doubt, to the genus Vospertilio, 

The Kpccies mentioned by Karg, at (EniogCii, appears very uncer- 
tain, and tliv oHgtiiul specimen has been io&t. M. Hurmaiin de 
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Meyer has disco?erad at Weisenau, among a considerable mass of 
remainB of bont^s, a few bones belonging to two cheiroptera. They 
consist of the half of a lower jaw, in which, akbangh the tfloth are 
wanting, the socket.i are sufficiently prewrved to gi^e an idea of the 
dental eytiteui ; of thriH! humeral bonott, two left and ono right, which 
shew the existonco of two species, and which render it probable Unit 
there is even a Eencric differcnco bolwoen tliom ; lastly, of the half 
of a radius, which can only belong to a cheiroptera. The two gpe- 
cies differ from that of Montniartre ; and M. H. de Meyer degij^nates 
them by the name of Vespeytilio -prtscox and V. injt'ujnisy until their 
generic affinities be distinctly ascertained. 



ZOOLOGY. 

Th& £ion, at an article of Food. — We wore anxious to know if 
ire was any thance of another lion being found in the neighbourhood, 
and were Informed that, doubtless, there were plenty ; but such was 
the nature of the gi-ouiid, that, unless theit exact luiunl!> were known 
^in which case they were generally killed), wo might go out for a 
fortnight, and never encouitter a single heast. The skins of all lions 
killed tlirougbout tha regency are sent to tbe Bey, who pays a hand- 
some prenuuni upon each. The tiosh is eaten ; and, contrary to our 
expectation, we found it excellent., and made a capitul supper upon 
the ends of the ribs stowed with a liule sail and red pepper ; it tasted 
like very young beef, and was neither tough nor strong flaTounrd. — 
A Journey throwjh Ahjcriu and 7«nw, 6y Cuytain Clark Kennedy, 
Tol. ii., p. 205. 

7. On a Gigantti', Stap, Ctrvits Ejtryccroa, Aldr. ; Afegnceros, 
Hart. J GiganUui, (jalde, £y Dr E. Eiehwald. — Ouvier, after hav- 
ing deicrJbed tho tWsi! hones of the gigantic stag found in England, 
Iiombartiy, and throughout tho wliole of western Europe, exjiresses 
Liu Hurpriso tliat none hare hitlierto boon found in KuKKia and Siberia, 
wlicre stags are at present so widely distributed. M. Eichwald re- 
cords, in a memoir on the discovery of tha bones of the eame stag in 
tlio cablern part of European KuKsia, in tho government of Siinhirsk, 
where M. Sagykuff found fragments of tho cratiiuni, and the horns 
of two individuals. They have hkewiae been found in Siberia on tho 
iiortli-wotit slopu of tho Altai, in tho caverns of the arrondiRoment of 
Ko1ywanowoskreKK(:<nKki.sch to tho east of &rh Ian gen berg, and in the 
vioinity of the river Tscharysch. Tn these deposits, the bones of tho 
stag ore very abundant, as well as those of the lama, horse, rhuiOceroSi 
hy^na, dog, bear, gnawers, and hats. 

The author adverts to the coutrovertcd cjucstion rcapecUng tho an- 
tiquity of this remarkable species. TIlo beautiful cranium of the 
gigantic Bt.ig described by Goldfuss, had been found ne.ir Kmerich 
along with urn& and stone hatchets, — tokens of the existence of man. 
Another eraiiluni was found in the pcat-boga of Lancashire in fornia- 
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kiutUar U) liiosc w)icro k Iwiat uus toiind. TJiese hi&toricil faeti 
IimI some audtom to lK.'liL'«t.' tliat i\w> gigtuiLic &Ug was the saoiB 
asUiosta^orirclind, which disappeared in the twclfLliceDLurjr.uiddf 
which atiricDL autbora speak, being the same as the Scj ol' the ancieol 
DriioiiR, and the Euryeent* of Applanus. A miigititicMit antler of 
tht' i;ii;amic flag «»i' liohpmia, which thu author has wt-n in tho Im- 
perinl Mutteum of Vienna, and on whidi are engrared a few words 
ta old Slaroniiin letters, indtcat« the origin of this animal ; and thd 
ezploitA of the chase rcUted in ancient heruic poctrv, justify the be- 
lief thftt the gigantic stag was then knowa. • Thiti aniiaal was pco- 
bablj the schtlch which the poems in question inform as was hunted 
along with qUer, auroclu, &c. It is, therefore, very probable, that 
being an object of chase, the gigantic stag disappeartid from Europe 
two or three centuries ago, as the etk has disappeared t'rora Italy, 
France, aud Cicrnmnv, and as the Bos prinn'gcniu» and auriwhs hare 
so dimtuishc-d that thojr are uo lunger found, sarc tu tiie great foretft 
of fiiolowcidia (ill the guyernment (^ Grodno), where, to prerent thfltr 
total destruction, immensa provision of haj is made for Lhem &fetj 
winter. 

All ihoee animaU which were hunted in Gemtany probably lived, 
in former times, along with the mammoth and rhinocai'os, since we 
find their bones intern linglctl in the same diluvian depo&itji. These 
latter appear to have perished fii-iit, and the uLhem, especially the 
Bos primigeuius and the gigantic stag, to have long survired them. 
Ferocious animnb, siicli as hmynas, liona, and banrs, may hare be«t 
deh.ti-oyed before them, in consequence of tho interest man had in 
pi-eserving himself from their devastatiorifi, before they Uiought of driv- 
ing »way loss hurtful animals. The last lion lived in Greece in the 
time of Aristotle, near tho rivers Achcluiis uud Kehttis, PUny like- 
wise mentions this animal as inlmbiting Thrace aud Macedonia. 

Analogous occtirrcuces appear to have taken place id America, for 
it is probable that the mastodon lived in historical times ; and, just ai 
the gigantic stag survived the mammoth, it appears that the masto- 
don survived the latter. This is demonstrated by the discovery of a 
complete skeleton of the J/as^i/cn or Missourium <jiiiauteum in the 
valley of tlioMiMiisKippi. The point ainn arrow madeof flint was still 
under the right liip of the animal, a circumstance which ooniplotes 
the evidence that these gigantic auimaU lived at tho &ame time as 
man. 

It is useless to insist here on the confirmation which these loccs 
furnish to the opinion we have elucwhero advanced {Traite. EUm. de 
Puteontvlogic, torn. i. note A.) on the connection which exists between 
the dilurian and the modern epoch. ThebO two epochs ought not 
perhaps to be disUngnished ; and they are certainly not acparated by 
a destruction of species at tho end of tlie first, and by a new appear- 
ance at the eomniencenicnt of the second. It is very probable that 
all the existing species dato from the origin of the diluvian epoch ; 
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but that d [Art of thoiii liave been destroyed, and Imve not reached 
QUI' tintcs. The changes of climate, niid the influence of man, have 
been the causes of these disapptiorances of spcciet^, sonio of wliich IiavA 
taken place at periods too rumolo to have left any trao^sinCraditini), 
but others of which are well known, and some are even taking place 
□nder our eyes .—-/Vp/^Mor I'ietet. 

0. Ont}*f Respiratory Apparatus of Birdt. ByM.XatrilisGijiUot 
and M. Sappct/. — It is & fact generally admitted, that in birdH tho 
air whiuli readies the lungs is introduced by permanent openings, in 
the cavity of tho abdoineir, in tlio bones, and in diverse parts of tho 
body. M. Guillot has endeavoured to dotermino tho position of the 
aerial reservoirs, and to shew that it. i»t an error to believe that tho 
air can be introduced into all the parts of the body of the anininl. 

IIo dietinguisbcs the thoracic aerial rosorvoir and tho abdominal 
rcsorvoir. The latter is composed of two largo splieroidal bladdursT 
fornted by n inenibranB of estrenia tenuity, and separate"! by tho mo- 
sentery and tho mass of tho intestines. Their origin is towards tho 
bastj of the hreast, on a level with tho last rib, where we perceive an 
oldiigation uf llio liing piurct'd with many openings. The interior uf 
these receptacles doos not conmiunicato with the peritoneum ; they are 
bladders full uf air, and nothiug more; they are nut cellular, like tho 
tlioracic reservoir. 

When we place a living bird tinder water, and keep it there in 
BQi^ a manner that tho respiration is free, wo may open tho perito- 
neum, wilhont a single bubble of air making its os?ape. Neither does 
any appear by cutting the celbilar tissue, by raising the skin, and 
cutting tho tnuscLilar masses. The same thing dues not always taka 
place aftor the death uf the bird, for then, according to M. Guillot, 
gaseous hubbies arise A-om the blood. This anatutnist thence con- 
cludes, that the air maintaiiied by tho envelopes of tho two reservoirs 
&bore mentioned, cannot enter but into thobonps, nnd that it npitJier 
enterji into tiio [ient<mouni nor the oelhdar tissue ; in a woi-d, that it 
cannot diffuse itself through all (ho parts of the body during the life 
of the animal. 

In connection with this eomnnmiejition, M. Serres referred to tho 
analc^us investigatiuns uf M. Sappey, demonstrator in the anatu- 
niical t-ohool of tho hospitals ; and this latter onatotnist himself read 
a memoir to the Acadi-niy of Sciences (9th and 23d July 1846) on 
tho same subjocL The cuncluKLons of his memoir are the following : 
1st, There is no pleura in birds ; 2d, Tho membrane which ha.i 
been deseribod under that name, is formed by the inferior brancJtia 
of tho lungs ; 3tf, All thu bronchial i-ainificatlons are periferal, and 
produce, by Icaniiig against each other, a truo aeriferous envelope; 
Ath, Not only dues & diaphragm exist in birds, but it i» an essential 
agent in the pulmonary dilatation ; oth, Observation rejects the ex- 
istence of full cells, the communication of the rrspiratory apparatus 
with the muscles, the cellular tissue, and the feathers ; Gth, Tho 
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ft^ial reeorvoire, annexed to the lung, are fir« in nnmbcr on eaeb 
wde ; 1th, The«e resenroirs, teing of no uao for reapiraiion, are io- 
tended to socuro Iho oqnilibriuni of the bird during flight, aud to di- 
minish its BpeciBc graTit/ ; 8tA, The air which Ihoy contain becomes 
rarefied during tnsptmtion» and condensed during cxpirution ; 9th, 
TbepreMneo of air in thu buneii lias the efiect of augmenting tht:ir 
diameter and resistance, without increasing their weight ; lOtA, Fi- 
nally, this same fluid penetrates directly into the feathers by .in ellip- 
tical orificDf situate on tlietr under side, and server the sanie pur- 
pose in those organs as in the Irany levers. 

ThehL' rwsoarchcs, it will be perceired, will probably have tho effect 
of modifying gi-ently Iho (luticms generally udgpttJ respecting the air 
contained in tho dilfertnt pftrts of birds. 

9. On the Comj^rative Anatomi/ of the Vocal OrgoMS of Birdt. 
By Professor Mutter. — For tho earliest investigations into tho vocal 
apparatus of birtls wo are indebted to Cuvier; and it h to lliis cele- 
bmtcd anatomist Uiat wo likewise owe the greator part of the l«ota 
relative to their organization. At a later period, M. NiUnah 
attempted to derive, from tho study of tho inferior larynx, materiak 
for the classiQcation of binl:^, wliirli has alw.ny8 b«&a» aa is woU 
known, one of tho moat embarrassing problems in tho natural systems. 
M. MuUer has made a long scries of obAervntions on the vocal 
organs of the passerine tribes. The retiults of his labour?) am as jet 
but partiully known ; a detailed description will soon ho published in 
tlie Memoirs of tho Academy of Berlin. Meanwhile, wo shall here 
point out some of tlio general conclusions of lliat work, which is 
impntionTiy expected, like everything else which comes from tho pen 
of the illustrious Berlin professor. 

Frofe5.sor Miiller concludes, from tho facts he has observed, that 
the passerine songsters cannot form a natural division ; and, contrary 
to tho opinion of 31. Nitzsch, he aiUrms that the Ptearia: cannot bs 
separated from them. The mo^^t natural groups of the order of pas- 
Borine birds contain types which differ in tho oi'gaiiizanon of the la- 
rynx, and tlio variizLilo nature of this nppanttus renders it but lUtlo 
fitted for tlie purposes of classiScation. It is tho less so^ since song 
may bo produced by arrangements of structure very different from 
each other. The passerine order ought probably to be preserved in 
its most extended limits, comprehending even the syitdactyU and Uio 
climbers ; and it ought to contain, at once, birds possessiug the most 
perfect vocal apparatus, and otbers which seem reduced to the 
greatlost dogrvu of Eiiniplicity. 

The two most common forms of the vocal organ among birds, are, 
1st, Tho vocal muscular apparatus, formed on the typo of that of our 
singing birds of Europe ; 2rf, The form of a single muscle, thick or 
slender. It is worthy of remark^ that tho first form prevails in 
Europe and Afriai, and that the second is most common in Anu-i'ica. 
Couse'^uently, the fore^its of the Old^Vorld possess a greater ituuiber 
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of binls truly Bongstors ; Uiose of tlio New World abound pnncipally 
in bird.s with a laud and cWr v^'ko, but uf lllllu vuriuly. mid ro^ouud 
with cries ratlier than songs. BoslJes those two widely extended 
forms, there nre inany other laryngical oi-gtmizations of a more ospe- 
cial nature ; the most coin plicated is that of tlio parrot tribe. 

M. MuUcr's memoir contains numerous factn of detail, nnd like- 
wise plates expluuatory of all the forms described. 

10. Pkysiological Remarks on tfut Statics of Fishes. B}/ Joh. 
MuUer, — Like all other aiuiuals. fiblit'S have a very delicate sense 
of the equilihrial position of their boiHes. They endeavour to coun- 
teract all change in this position, by means of movements partly 
voluntary and partly instinctiyc. Theiio latter appeiir in a Tery re- 
markable niaiHicr tii the eyea; and they are so constant oiid evident 
in fishes whilu alive, that their absence is sulHctciit to indicate the 
death of tiie animal. 

The equilibrium of the body of u finh in the water is independent 
of tJie swimming bladder; that organ may even be injurionp to it. 
The equilibrium of tlie fish, its horizontal pui^ition, with the back 
upwards, depends solely on the action of tho (ins, and principally 
that of tlio vertical fins. 

The Ejwininitng bladder may enable a Ghh to increase or diminish 
its gpectSc gravity. By compressing the air contained in it, the fish 
descends in the water; it rises by relaxing tho muscles wliiph pro- 
duced this conipresiiion. Besides, tho iish nmy continue in the deep 
parts of the wator in consp<iuence of the mere pressure of the column 
of water on tho air contained in, the bladder. 

By compressing more or ledn tho posterior or anterior portion of 
the bladder, the animal, at pleanure, can make the anterior or poste- 
rior half of its body lighter ; it can also assume an obliqne position, 
whieh permits an ascending or descending movement in tlie water. 
Tho armnL^emcnt of the swimming bladder in some fidioj may fa- 
vour this action. The Oypritioldes and Charaelnii have two bladdeis, 
one before the other, and comniunicating M-ith each other by a nar- 
row neck. The anterior bladder is very elastic, while tho puilurior 
is very slightly so ; accordingly, in proportion as the fish aj^oends in 
the water, the anterior and moro elastic bladder must increase in sixe 
considerably, and tend to keep tho head upwards, while the contrary 
must take place when the fish descends. 

1 1 . Red Colour of the blood in the Planorh'tB imhr'nratus. Jit/ M. 
dc Qiiatrefagrs. — By obsei-vJng the Planorbis imhneatns hy means 
of a transparency, M. de Quatrefages has ascertained that this little 
■ mollusc, which is vary common in tho fresh water around Paris, pos- 
sesses blood of a red wino colour. Under a faint magnlBer, the 
liquid may bo seen filling the cavities of tho pericardium and ven- 
tricles, and by its motions colouring pretty distinctly the whole gene- 
ral cavity of the body on ita lower surface. M. de Quatrefages 
could not perceive distinct globules in this liquid. Other Plonorbas, 
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of very &niaU dimensioM, possess white btom). M. do Qoatr«^ 
fugM presumes timt tbctcc &rc> the young of P. imbricatfu^ Iho blood 
not ncquiring its clianictcrihiio tiut but by age; and ho renvtrks, 

i^nt if tliis conjecture is veriRed by iho obsorvarions which he pro- 
poE«« U} ctititiriut*, tho processes will go ou in theso molluscs exactly 
as among tho nnnoliilfs. 

12. (^ the JJevelopmmt vf the Anntlide*. Bjf M. San.-^TUe 
dovclopnient of the annclkles was only known, till of late years, by 
works on the loech ; and it was erroneously concluded, from ana- 
logy, ilint all these animnls, oii issuing from the egg, had the gene- 
ral tbnii of bmly oxliibitod by tho adult. M. Sarx has conHrmed tlio 
discoveries of M. I^von rospcutiiig the nict&morphosos which certain 
nnnelidci undergo, by carwfuHy doscrihing the duvolopnieiit of the 
Polinoe drrala^ which is common on the coasts of Norway. 

It is in tho months of February and March that reprodudjon 
taku place in this annetido. At hrst the eggs, in tho body of th« 
mother, present the ukuaI brciketi appearance observable in the young, 
having at one period the aspect of a raspberry, and afterwards be- 
coming suiooUi. They are ejuetcd from tho body by purticutoi* 
openings in the doi-Kal surface of the anitnal, and arc tht/n aggluti- 
nated in a mass by moans of viscuous lilaments, tvhich likewise nane 
to fix them on tho back of the animal, under the branchiie, where 
they remain till the exclusion of the embryo. When tho embryo 
issues frnni the egg, its form has no itUtion to that of the mother; 
it is oval, not uunulatfl, and hois only two eyes in the anterior part 
of its body ; the nitdilli> uf thy animal is tiurrouuded witii a circular 
crown of vibratile cilire, which serve for locomotion, and are the only 
appendages of the body. 

Tho annelidee. wo tlius fiee, may undergo important metamor- 
phoses. They thus approach the other annelidcs, and also the my- 
riajwdes, embryos of winch quit the eg;;, according to Wags, and New- 
port, m a very iuiperfuct state, and completely destitute of articulated 
appendages. 

1 y . On the Develofiment of the Htaring Af^paratus in the Mothtscfi. 
Hy Dr H. Frc^. — M. Frey's obtiervatiuns have been made cliielly 
on the embryo of the Zymnta Hagnal^s. The auditory vesicle or 
bladder du'CS not begin to appear in this niDllutictill the period when 
the singular rotatory movements of the embryo have ceueed, and the 
animal is now creeping over the interior wall of its lihell. We can 
then notice, without difficulty, at the anterior part of the body, tho 
rudiments of the tentacula, the eye^ii with their pigment, tho tongue 
with its highly characteristic epithelium. It is on each side of tho 

I base of the tongue that the auditory vesicles are found. They are 
spherical, the contuuv simple, and tlie diameter about Vir o' i^ ^^ ^ 
line (U'OSfl to 0*04 niillimetreft), They appear at Hr^t to enclase in 
their interior only il transparent liquid, and ai-e at that time, an U 
likewise the case vvitli the eye, without connection wilh the cind-al 
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p&rU of tiie nervous system. One or two stnall corpuscles qi-c soon 
developed in this lii^uiil, wlio^u lurm, sizo, nnii MuiUatory movtitiK>nts 
»ro in o»ery respect fiiniilar to those of the otolithes in tlie perfect 
animal. Tlio vcsiulo or bladder containing them \\n^ a double intii'gin 
round tlio out&idu, resulting probaltljr frum llio vrullii It.'cuiiiiii)^ tiiij;kor. 
Tho size of tliti otolithes i» front {^q to ^^^ of a IJnu (O'OOS to 
0-0070 niillintetre) ; tlioir number go«3 on gradually Jncreasiug, and 
reaclms a score, when the lymnlu quits the shell; tlie dia-inoter of 
the Tdi^icle or bladder, at tliis time, is about -^ at & line (0'066 
millinietre). BcwdeB the otolithes, other sm.i]l corpuscleB are found, 
of smaller size, which often do not reach tho dimensions of xo'oo 
of n line (0-0023 millimetro). The number of otoHthos, and the 
sizu of lliQ auditory vchitclo or bladder, then continue to augment; at 
the name time the animal continues to grow. When in the adult 
state, we can reckon fi-om 100 to 200 otolithes, and the diAnuiter 
of the bladder variea from ^^ to ,'^ of a line (O-H to 023 milli- 
metre). 

The devclupnicnt of the auditory appai-uiuu prescntH the same 
phenomena iu the Physos. Puludiut;^, and tcrrcNtriul Gastcropods in 
general (helix, h'maces, &c.) There i:* no dilFereoce except in the 
size of the parts. 

Among bivalveR, the apparatus of the ear contains only a sinj:;le 
otolithe of a large liixe, which filk the cavity of the bladder, The 
sumo disposition is found iu the embryo of these mollut>c»; bufuru 
issuing from the cg^ ; the otoHtho, smaller than in the adult, exhi- 
bits very lircly oacillaiory niuvcments, as it does in the Jattar. 
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3. To 1'bter F&iaBAiRN. of Lccdi. Esq., " certain improTements in 
atmospheric imiJwaji," being aoonuonnication from abroad. — SOtb Juno 
1S4G. 

4. To Eluaii Gallowat, of 14 Backingham Street, Strand, in the 
county of Middlctcx, eiril engineer, " improvementc in looomottTo en- 
ginM."— 2d July 1346. 

5. To WiLLiAU IlEKRTBrBSB, ofTottfitihain, in thecoanty of Middle- 
X, gentleman, '* certain im^irovoiuenta in the mamifartunj of f&brim, 

whitii uiavt >f required, be made air and naterproof, a part of the maM- 
riiils cinplored herein, when combined with other matters, being intended 
to pmdiMM) coverings for veuela of capacity," — 3d July 1846. 

6. To JoUK FatuaJ4, ofKochdale, Lii Iho county of Ijuioaster. uiachine- 
laalc^r, David Ciiretiiau, of the sante place, machine-maker, and Jubm 
Wai.lack Duncas, of Maachcitcr, in the »me ooiinly. gcntU'iima, " cer- 
tain impnivem^ntt in machinery, orapparanu to be used in the prepara- 
tion and spinning of cotton and othor tihrou» sutmtanccs." — Sd July ld4tf. 

7. To Antoink PsaPiONA, of Paris, in the kingdom of France, advo- 
cate, being a voiniaunicatiou from abroad, " iinprovemonts in regulators 
for qualifying the actions of mcchanieal powers." — 6th July 184ti. 

8. To Gkorue Lsacu Ashwohtu, of Koohdalo> in the county of Lan- 
caster, colton-spinnor, and \Vil«os CaoaaLcr. of the same place, mana- 
ger, " certain improvonients iu machinery or uppanitus for jireparing and 
spinning cotton and other fibrous substani^ee." — 7th July 1»46, 

9. To William PinoiNo, of Wigmoro Street, in the county of Mid- 
dleux, gentleman, ** an improved praceas for pre«eri-ing the flavour of 
fnfTeo and cocoa, or of uny preparatiunti thereof, fnmi the efft^ctji of the 
atmosphere." — -Sth July i«4C. 

10. To CnARLiv Hakcock, of Urosrener Place, in tbe count}* of Mid- 
dlesex, gentleiuan, '' certain improvements in the mnnufacturo of gtitta 
peicha, and iis application alone and in combination with other tuib- 
Btonwit."— 10th July 1846. 

11. To MicHKi. ItoRoooHOK, of Ko. 15 New Broad Street, in the cit> 
of Ijondon, gciitlL-nuiri, Iteing a communication from abroad, 
iiuprovements in producing artificiA.! hasaltift lara«." — 13th Jtilv l: 

12. To CuABLEH CniSNocK. of fieymour Place, Little Chelsea, gen- 
tleman, " improremonts in tlie construction and methods uf extending 
Und compressing articles of riimiture and domestic use, also aiiplicubiD to 
cutlery, woricmen's tool^ window blinds, shutters, and similar useful par- 
.pOBos."— IHth July 1346. 

13. To Ph-TKR TAVtoB, of Ilollinwood, near Manchester, machinist^ 
certain iinprovoments in machinery for propelling veeieU, carriages, 

&nd machincrr, parte of which improvements are applicable to dmwituc 
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and propeUin^f fluids, also uupTovemeiits in tbc construction of rewela." — 
2l3t Jul)- 1S4G. 

14. To Nicuox^s Frascow Cobbin DEsBtnesiERBiB, of Rue St Pierre, 
Monbnaitro, in tbw liiiijfdtjm v( France, gentleman, " imppovcinutils iu 
preparing and burning fhel." — 2Ul July 184.6. 

15. To OcsTAF Victor Ou»-rA»K0N, late of" Sweden, liut now of War- 
ren Street, Fitzroy Sqaare, in the county of Middlesex, engineer, " oer- 
tain improvemenls in st4?am- engines." — 2?d July 1946. 

16. To IIenry Hiqhton, of Ruf^by, in the county of Warwick, Maa- 
ter of Arts, ■' imiirovements in eiectric telograplm."— 23d July imft. 

17- To William Si:bi>, of Preaton, in the county of LuneABter, ma- 
clune-makcr, " certain improvements in tnocliinery or apparatus fur pre- 
paring, fliubbiiig, and roving cotton and otbcr fibrous subst»jicus."~~23d 
July 18W. 

18. RoBP.RT HoDOBON, of Neclcingcr Road, Bemiondsoy, in the county 
ofSiirrey, (gentleman, " <'ortain improvements in propelling vessels, and in. 
the nuiehincry for working the same."' — 3Stb July 1816. 

19. To ADGCBTffl Wii-LiAM IIiLLARV. of \o. Gfi CaiKigon Place, Chel- 
eea, but at pKsent residing ut No. 146 Avenue des Cbainpa Klye«e9, in 
the cily of Paris, Egfjuire, '* improve men ta in tbo manufaotura of gas." — 
:iaih Jidy 18i6. 

20. To Lawrknci'- HiLi. junior, of Olmgow, dvll and raochaniiral en- 
gineer, being a (^oiumuiiLratioa fiom Hkmky Bt;Bi>£N, of Troy, in the 
"United StiLtt^H nf Auicrlca. aud partly by invention of Iub own, " iiu- 
pToremcnU in tho inanulucture of iron for building sliipB and boata, and 
other resselii, and iu instruments, macbinnry, and a[^>aralufl to b6 used 
in the oaid construction."^ — 29th July 1846. 

21. To Hloh Obhavf-s, of Hulnio, in the parish of Manchester, in tho 
county of Lanraster. engineer, *' iraproveuient* in the construction of rail- 
ways, and in the vehiclos to bo ueod tlipreiin." — 3d August 1h46, 

ii'J, To David Yoolon Stewart, of Montrose, in the kingdom of Scot- 
land, iron-founder, " iniplonitints In moulding iron and brass." — 5lh Au- 
gust 1846. 

23- To JojDT AcoiraTtit Albxis Sactaob, of tho Rue Riolicn, Poiia, 
in the kingdom of France, mechanist, " improvementa in condensing 
the steam of eteam-cugiaes. and in supplying wator to stoaju- engine 
Tjoilors." — i^tli AuguEt 1846. 

24. To Chbistoi'uer Bisks?, of Friars Gooee House, in the county of 
I>urlianj, oliemist, " improvements in the manufacture, and in lli« appli- 
cation to useful pur[»oite8, of certuin. comjjounds of nitrogen and of <iar- 
bgn, more partimlarly cyanogen, amuionta, and tboir compounds." — 6tll 
August 1S46. 

25. To JonK SrMeoN, of RichftV Court, Lime Stref*t, in the city of Lon- 
don, merchant, being a communi(.-atioQ from abroad, " cortain improve- 
ments In mnuliinery for preparing and spinning flax aud other fibrous 
materials."— 10th August 1^46. 

36. To John liHorKLiaiLRftr, uf Ilulburn, in thu county of Middlesex, 
laiap-manuiacturer, " certain iiuprovemi-nts in tha hanging and diacon- 
neeting of window snjihM ami frames." — lOth AugiKt 1846. 

37. Xo Robert Kobiksow, of Strinea, in the county of Derby, calico- 
printOT, and Tiiokah Bowdkn, of the same place, niec^lianic, '• cortain im- 
proTcmonts in machinery for washing and cluaneiag cotton, linen, or 
woollen fabrics.". — IStb August 1S4G. 
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S8. To RoBBBT WiLUAH Thohsok, of A<Iiun Street, Adolplu, in tin 
eounly of Mitidlewx, oWil-enj:ineer, " an improToment in rarrJagf-whudft, 
which tf obo applicable to other rwlliiig bodies.'' — 13th AuRu^t 1646. 

29. To RtciMRD Whytittk (extension of a patftnt to), of Edioliurgh, 
uuuiufoc-turer. for the term of fire yearg, the original patent granted on 
tht? 21 Rl Se|iteinber 1832, for "an imprOTod method or nianufacture 
which facilitates the pmdiictioQ of regular figures or patterns on different 
fabrics, particularly relrels, »elvet-pilo, and BruRsels, Wilton, and Tor- 
Itsy carpeti, with a Baving of material." — l7th August 1846. 

30. To Pktbr CLAPSSRif, of I,eicester Square, in tho county of Mid- 
dlesex. E«q., " certain improvements in machinery for weaving." — 16th 
August 1846. 

31. To James MoKTcoMERv.of Salisbary Stroot, in U» comity of Mid- 
dlwex, engineer, " certain iinprovements in the ounslruclion of ateam- 
boilera and steam -engines, and in stcam-rewcls and tho macbincrjr far 
prvpcUiiig the tiamo." — 18th August 1846. 

32. I'o William NicnoLsos, of Manchester, in the ooiinty of Lsn- 
castor, engineer, and CreouuE Wadsworth, of SutUin Glass- Works, in 
tlio same county, manager, " i-erta!n improvomentx in the manufoeturo of 
glius and other ritrcous prodQcta."- — -'d September 1846. 

33. To Moses Poolk, of the Patent Otllco, London, gentleman, being 
E oonuuuuicutiun from abroad, ** improvements In treating vegotnUA 
fibres to render tliem applicable to the manufacturo of paper." — 3d Sep- 
tember 1&46. 

34. To James Warhew, of Montagno Tcrraoe, Mile-End Road, in 
the county of Middluser, gentleman, " improvements in the mannfactarc 
of cast serene." — 2d Septembor 1846. 

35. To John St-ENCELEr, of Wbitstable, in the county of Kent, master 
blocVmalipr, " improvements in the eonstruetion of shi|w and other ves- 
sela, and also improvements in apparatus to be attached to ships and 
other TOssela." — 3d Septembor 1846. 

96. To Fkank HiLLD, of Deptfonl, in the county of Kent, manufao- 
tnring chcuiist. "a method or methculs of treating certain gases and 
manufacturing bulpburic ucid, nmriutic acid, acetic acid, and certain salts 
of ]iotash." — 3d Sdptomber 1840. 

37. To RoDiiBT XisBBT, of LamlMlou, in tbo county of Borwiek, Esq., 
*' certain imi>Tdvement8 in locomotive engines and ridlways." — 4th Sep- 
tember 1346. 

38. To FaEDEnrot Cn.icE Calvert, of Paris, in the kingdom of 
France, cbtimist, " improveitK-iits in the preparation of the artielo called 
futu, rendering the same applicable for various uscfiil parpo»e»." — 9lh 
September IS-lO. 

39. To Charlkb Dowsk, of Camden Town, in the county of l^liddle- 
BOX, gentluman, " improvcniCRts in the manuiiteluru and finishing of 
fabrics, capable of being mied a.s substitutes for paper." — 1 1th Septem- 
ber 1846. 

4-0. To James Willl^m Dowman, of Great Alia Street, Goodman's 
Fields, in the county of Middlesex, sugar-refiner, *' iioproTomcnta in re- 
buming animal charooal."— 21st September 1846. 

41. To Alfrrd Vincent Xewton, of the Oflico for Patents, 66 
Chancery Lane, in the county of Middlesex, mechanical draughtsman, 
being a oumnmnivulion from abroad, " certain improvements in macLin- 
VTy for manufacturing screws." — 21st September X'iAii. 
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Adamson, Rev. M., on m&rine deposits on the mai^in of Looh Lo- 
mond, 72. 

Adie, R.» of Liverpool, account of thermo-electrical experiments, 362, 

Agassiz, Professor, on the ichthjological fauna of the old red sand- 
stone, 17. 

Alison, Dr, on the principle of vital afiinitj, 132, 272. 

Amber, on the insects it contains, by Professor Fictet, 391. 

Anderson, Thomas, M.D., F.B.8.E., on the constitution and proper- 
ties of picoline, a new organic base from coal-tar, 146, 291, 

Annelides, on the development of, 430. 

Arago, M., Perpetual Secretary of the French Academy of Science^ 
on prognostication of the weather, 1. 

Arthur Seat, observations on its polished and striated rocks, by David 
Milne, Esq., F.B.S., &c., 206, 

Atmosphere, observations on its limits, by H. Meikle, 386 — Sul- 
phur in, by Boussingault, 414. 

Aurunci, ancient city of, its site, &c., by Dr Charles Daubeny, 
r,R.S., &c., 213. 

Bat, fossil species of, found in the tertiary formations of Weisenau, 

417. 
Beaches, ancient, near Stirling, account of, by Charles Maclaren, 

Esq., F.B.S.E., 402. 
Birds, respiratory apparatus of, described, 427 — Vocal organs of, 

described, 428 — On their classification, by John Hogg, Esq., 

F.B.S., &c., 50. 
Blood, colour of, in Flanorbis imbricatns, 429. 

Cleavage of slate-strata, account of, 422. 
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Cole's Care in BarbadHi deaoribcd, by Dr John Dar;, 365. 
GonneU, Arthur, Prof««9or, aiialysU of Iho Atnarican mineral Ke- 
malitQ, 387. 

Dana. J. D., on the origin of Uio oonBtituent and adventitious mine- 
raU[of traps and allied rock^, 19&, 263. 

Daubeojr, I>r Charles, on the aLte oJ tke ancient city of the Aurunci, 
and the rolcauic phenomena it exhibits ; with soma remarks od 
oraten of elevation, and on the distinction between plutonio and 
volcanic rocks, and ou tho thooriee of voloanic action which ore 
at present most in repute, 213. 

DaTy, Dr John, his miscellaneous obaerTations, chiefly chemical, 
255 — On the cause of induration of some siliceous sandslone^ 
300 — Account of GoWs Care in the Island of Barbadoes, 355. 



Earthquake in Tuscany, Marseilles, on lOlh August 184G, 423. 

Eichwald, Dr E., on a gigantic stag, 425. 

Escher do la Linth, on glaciers in Switzerland, 344. 
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Forbes, James, Professor, elerenth letter on glaciers by, 414. 

Fluoride of calcium, its solubility in water, considered by Dr Wil- 
son, 206. 

Fleming, the Rct. John, on the recent Scottish madrepores, with 
remarks on the climatic character of the extinct races, 203. 

Fish, the statics of, cog«udored, 429. 

Frogs, new species of, found in Tertiary formations of Osoabruck, 
424. 

Glacim*8, obserrations on, in Switxerland, by M. Escher de la Lintb, 

344 — obsGrvations on, by Prof. J. D. Forbes, 414. 
Guiana, natives of, described by Sir R. Sohomburgk, 361. 

Hearing apparatus in the nioliusca considered, 430. 

Hogg, Ji>ltii, F.E.S., &c., on the classification of birds, and parti- 
cularly of the genera of £uro{>eap birds, 50. 

Homer. Leonard, F.R.S., President of the Cteologioal Society of j 
London, &:o., his anniversary address, delirored at the meeting 
of the Geological Society, 75, .103. 
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Indian tribes of the north-west coast of America, bj Br Scouler, 
166. 

Lomopd, Loch, marina deposits on its margin, noticed hy Ber. J. 

Adamson, 72. 
Lion as VI article of food, 416. 

Maclaren, Charles, Esq., F.R.S.E., on ancient beaches near Stirling, 
402. 

Meikle, H., Esq., on the limits of the atmosphere, and on compen- 
sation pendulums, 386. 

Milne, David, F.K.S.E., his obserrations on the polished and striated 
rocks of Arthur Seat, 206. 

MolluBca, their organs of hearing considered, 430. 

Moon, its surface considered, by Captain Bozet, 128. 

Kemalite, an American mineral, analyzed by Professor Connell, 387- 

Patents, list of, granted for Scotland, from 23d March to 22d June 
1846, 208— from 26th June to 2lBt Septen^ber, 1846, 434. 

Beid, Governor of Bermuda, on the winds, 1 92. 
Sogers, Professor, on the cleavage of slate-strata, 414. 
Bozet, Captain, on the surface of the moon, 128. 

Sandstones, siliceous, on their induration, by Dr John Davy, 300. 
Schomburgk, Sir B., account of the natives of Guiana, 361. 
Scouler, Dr John, on the Indian tribes of the north-west coast of 

America, 168. 
Scottish madrepores, observations on, by the Bev. Dr John Fleming, 

203. 
Stag, gigantic, account of, by Dr E. Eichwald, 426. 
Stuart, J. G., on the turbine water-wheel erected at Balgonie Mills, 

Fifeshire, 156- 

Trap-rocks, the origin of their constituent and adventitious minerals, 
by J. D. Dana, 195, 263, 

Wilson, Dr G., on the solubility of fluoride of calcium in water, and 



the relation of lliJa property to llie occurrence of tbat subsUnce 
in niitH'rala, atitl in rt'c'Oiit I'oSf^il pla-iits And animftli;, 20d. 
Winds. Qrif as inAuencing the tra<;t§' saUed by the B^ermuda vessela; 
uid on the advantage witich may be denviaii from Bailing <iti 
curved courses, when meeting with progreasire revolving winds, 
by Governor Reid, of Bermuda^ 192. 
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